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GENERAL INTRODUCTION 
Influence of Cultural Practices and Soil 
Environments on Soybean Emergence 
Soybean emergence may be influenced by interactions be­
tween the cultivar, physical properties of the soil, and 
planting depth. The capacity of different cultivars to emerge 
from deep (10 cm) planting depths is controlled by the degree 
of hypocotyl elongation (Banks and Gilmour, 1979; Burris and 
Fehr, 1971; Grabe and Metzer, 1969). The genotypic differ­
ences reported tend to be most pronounced at 25 C, or when 
crust formation on high bulk density soils causes increased 
resistance (Johnson and Wax, 1979; Knittle et al., 1979). 
Although seedlings that develop from small-sized seeds meet 
less soil resistance, their ability to emerge from deep plant­
ing depths is lower (Burris et al., 1973). Even though a 
planting depth of 2.5 cm seems to be optimum for most soybean 
seedlots (Pendleton and Hartwig, 1973), growers still consider 
the ability to emerge from deeper planting depths as an im­
portant characteristic in selecting a cultivar (Mason et al., 
1981). The seeding rate itself does not appear to influence 
seedling emergence. Fehr et al. (1973) could distinguish no 
difference in emergence when 'Wayne* and 'Amsoy' soybeans 
were planted at either 5 or 10 seeds per 30 cm of row in a 
silt loam soil. 
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Soil temperature and moisture conditions also can affect 
soybean emergence. Under wet, cold soil conditions, low tem­
perature imbibition of soybean seeds may result in reduced 
seed survival (Thomas et al., 1975). Obendorf and Hobbs 
(1970) demonstrated that, when seeds with 5% moisture were 
planted in cold soils (5 C), the resulting damaged seedlings 
showed a reduced utilization of cotyledonary reserves and 
transverse cracks in the cotyledons. On the other hand, emer­
gence of 'Beeson' and 'Williams' cultivars planted 1.9 cm 
deep in a silty clay loam soil was reduced in a dry seedbed 
(Johnson and Wax, 1979). In a greenhouse study using 'Tracy' 
soybeans planted 10 cm deep. Heatherly and Russell (1979) 
attempted to determine the optimum soil water potential for 
emergence. They reported that a range in soil water poten­
tials from -0.1 to -0.7 bars in a clay soil did not reduce 
emergence, while the same range in a silt loam soil signifi­
cantly decreased emergence. 
Soybean emergence may also be influenced by the seedbed 
tillage and preplant herbicides used by the grower. Although 
reduced tillage benefits emergence by lessening the potential 
for crust development (Scott and Aldrich, 1970), large amounts 
of crop residue on the soil surface can retard soil warming 
in the spring (VanDoren and Allmaras, 1978), thus reducing 
the emergence rate or necessitating later planting. Tillage 
may also affect soil-borne fungi which can attack emerging 
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seedlings. A greater diversity of Fusarium species has been 
associated with soils managed under a no-till system of cul­
tivation (Ferrant and Carroll, 1979). Herbicide injury to 
seedlings can affect emergence and reduce stands. When 1.1 
kg/ha of metribuzin (4-amino-6-(1,1-dimethylethyl)-3-
(methylthio)-1,2,4,trizin-5(4H)-one) was incorporated 3 wk 
before planting in a coarse textured, low organic matter soil, 
plant stands were decreased (Moshier and Russ, 1981). Carry­
over of atrazine (2-chloro-4-ethylamino-6-isopropylamino-l, 
3,5-triazine) from a preceding corn crop may cause similar 
effects (Jennings and Nyvall, 1977). Other problems result­
ing from misapplication of herbicides include seedling root 
inhibition due to chloramben (3-amino-2,5-dichlorobenzoic 
acid) and chlorpropham (isopropyl m-chlorocarbanilate), 
hypocotyl swelling due to trifluralin (a,a,a-trifluoro-2,5-
dinitro-N,N-dipropyl-p-toluidine), or injury from bifenox 
(methyl 5(2,4-dichlorophenoxy)-2-nitrobenzoate) of deep-
planted soybeans under cold, wet soil conditions (Jennings 
and Nyvall, 1977). The herbicides applied to the soil may 
also influence the pathogenicity of soil-borne fungi. More 
root disease by Fusarium oxysporum Schlect. was noted in a 
greenhouse study using 'Essex' and 'Williams' soybeans when 
alachlor (2-chloro-2'-6'-diethyl-N-(methoxy-methyl)-
acetanilide) and linuron (N-(3,4-dichloro-phenyl)-N'-methoxyl-
N'-methylurea) were applied as preemergence herbicides 
(Carroll and Scarpa, 1979). 
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Seedlot Quality Characteristics Influencing 
Emergence 
Evaluation of the quality of soybean seedlots usually 
requires some measurement of vigor and/or growth rate. 
Theoretically, standard laboratory warm germination tests 
(Anonymous, 1960) predict field emergence under optimum en­
vironmental conditions, while vigor tests predict emergence 
under adverse circumstances (Anonymous, 1982), A common 
vigor test is to expose seeds to cold temperatures in a 
medium which may contain unsterilized field soil, thus cre­
ating conditions favorable for soil-borne pathogens to stress 
seedlings. However, in standardizing conditions among seed 
testing laboratories, soil types may differ in moisture hold­
ing capacities and microflora (McDonald, 1975). Test results 
often do not correlate well with field performance, which is 
of fundamental importance for any predictive test (Burris et 
al., 1969). Positive correlations of cold test results with 
field emergence have been reported for 7 soybean cultivars 
which had from 2-16% diseased seeds, as measured in a warm 
test (Johnson and Wax, 1978). In an earlier study. Rice 
(1960) showed that good correlations could be obtained when 
testing fungicide treated seeds as well. 
Seed deterioration due to aging may substantially lower 
seed quality. Byrd and Delouche (1971) demonstrated that, 
when soybean seeds were stored for 3 mo at 20 C and 75% 
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relative humidity (RH), the standard warm germination values 
were significantly reduced. This reduction in quality did not 
occur until 7 mo if the storage conditions approximated 30 C 
and 50% RH. When 'Amsoy' and 'Hawkeye* soybean cultivars 
with 12.5 to 12,9% moisture were stored at 40 C in sealed 
jars, seed viability declined rapidly with aging, and the 
susceptibility to seed-decaying organisms increased (Edje and 
Burris, 1970). The presence of many small-sized seeds within 
a seedlot may influence emergence if planted too deeply 
(Burris et al., 1973), although they normally have little 
adverse effect. Reductions in seed quality due to mechani­
cal damage (Colbry et al., 1961; Green et al., 1966) may occur 
from improper threshing operations or the impact of seeds onto 
hard surfaces during handling and processing (Misra, 1981). 
Mechanical damage usually results in minute cracks in the 
testa, necrotic leisons on the cotyledons, shortened and 
abberrant hypocotyls, and damage to the embryonic axis. 
Etching of the seed coat (physiological cracking) may accen­
tuate the mechanical injury which occurs (Burris, 1981). 
Genotypes vary considerably in their tendency to etch, al­
though the plant populations and environmental conditions be­
fore flowering may influence the amount of etching detected. 
Poor seed quality has been associated with the presence 
of fungal, bacterial, and viral microorganisms. Reduced 
germination and viability have been attributed to seed infec­
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tion by soybean mosaic virus (Quiniones and Dunleavy, 1970) 
and Xanthomonas phaseoli (E, F. Smith) Dow. var. solensis 
(Hedges) S. & B. (Neergaard, 1977). Another bacteria. 
Bacillus spp., has been found in the parenchyma and hourglass 
cell layers of surface sterilized soybean seeds (Sinclair, 
1976), although the importance of this organism in reducing 
seed quality has not been well defined. 
Of the fungi frequently isolated from soybean seeds in 
Iowa, Phomopsis spp. most often reduces laboratory and field 
emergence (McGee et al., 1980). Other studies have also sub­
stantiated its role as an important soybean seed-borne patho­
gen (Chamberlain and Gray, 1974; Wallen and Cuddy, 1960). 
Pernospora manshurica (Naoum.) Syd. ex G^um, (Hildebrand and 
Koch, 1951) and Colletotrichum truncatum (Schw,) Andrus and 
W. D. Moore (Dunleavy, 1976) are two other fungi which have 
been implicated as potentially serious seed pathogens of 
soybeans. For some fungi, the association between seed infec­
tion and reduced quality is not as clear. Although Cercospora 
kikuchii (Mat. and Tomoy) Gardner usually is ubiquitous on 
soybean seeds in the midwest U.S.A. (Roy and Abney, 1976), it 
usually does not reduce germination (Sherwin and Kreitlow, 
1952). Saharan and Gupta (1972) showed that Fusarium 
semitectum Berk. & Rav. could decrease soybean seed quality, 
although Fusarium spp. seed infection has not always corre­
lated with reduced field emergence (McGee et al,, 1980). 
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Other genera, such as Alternaria, Chaetomium, Cladosporium, 
Paecilomyces, and Pénicillium, are commonly found on soybean 
seeds but rarely reduce field or lab emergence (McGee et al., 
1980). Aspergillus glaucus Lk. ex Fr. and A. flavus Lk. 
have been responsible for reducing soybean seed viability in 
storage when seed moisture approximated 13 to 14% (Kennedy, 
1964; Milner and Geddes, 1946). 
Influence of Soil-borne Fungi on Emergence 
Several soil-borne fungi can cause soybean seedling 
blight and damping-off. Phytophthora megasperma Drechs. var. 
so iae A. A. Hildeb. tends to be severe in low-lying, poorly 
drained compacted soils (Meyer and Sinclair, 1972), killing 
out large sections of the crop. Growers often consider plant 
resistance to this fungus before selecting a cultivar for 
planting (Mason et al., 1981), since it is distributed over 
the midwest portion of the U.S.A. (Bernard et al., 1957). 
Seedling disease by Macrophomina phaseolina (Tassi) Gold, 
develops at relatively high soil temperatures (28-35 C), 
and the organism will not survive for long periods in wet 
soils (Wyllie, 1975). It tends not to be a problem under 
the soil conditions that occur at planting times in Iowa. 
Another infrequently occurring root rot which is found 
throughout the midwestern United States (Nyvall, 1979), incited 
by Thielaviopsis basicola (Berk, & Br.) Err., produces a 
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brown necrosis of the cortex below the soil line on the 
hypocotyl (Lockwood et al., 1970). 
Several species of Pythium (Lehman and Wolfe, 1926), 
including P. debaryanum Hesse (Strissel and Dunleavy, 1970; 
Thomson et al., 1971) and P. ultimum Trow (Laviolette and 
Athow, 1971; Thomson et al., 1971), have been recognized as 
the causal agents of soybean seed rot, seedling blight, 
damping-off, and root rot. Although rotted seeds are diffi­
cult to find, seedlings infected before emergence show a 
brown discoloration and wet appearance of the roots, while 
infection of emerged seedlings results in leaves which wilt 
and exhibit a gray-green color (Nyvall, 1980), Although soil 
temperature and moisture have a major influence on infection 
by different Pythium species, inoculum density, pH, cation 
composition, light intensity, and competing microflora all may 
be important (Hendrix and Campbell, 1973), Soybean seedling 
infection often has been reported under wet (Tao, 1978) and 
cool (Thomson et al., 1971) soil conditions. Under variable 
soil temperature regimes, the relative growth of the soybean 
and Pythium spp. determines the infection severity (Leach, 
1947). The soybean seedling infection usually originates at 
the root tips and advances upward into the stem (Baker, 1970). 
Regardless of the crop rotation, both the fungal oospores 
(Drechsler, 1946) and sporangium (Stanghellini and Hancock, 
1971) overwinter in cultivated soils. 
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Soybean root rot and damping-off, caused by Fusarium 
oxysporum and F. solani Mart., also are favored by cool, wet 
soil conditions (Dunleavy, 1951), although growth in the soil 
has been measured under much dryer circumstances (Cheng and 
Schenck, 1978; Cook, 1973). The survival and growth of F. 
oxysporum chlamydospores in dry soils may be the result of 
reduced antagonism by soil bacteria (Schlub et al., 1981). 
Dark brown lesions often develop on the roots of soybean 
seedlings infected by F. oxysporum and F. solani. causing the 
plants to wilt when soil moisture is low (Nyvall, 1981). 
Infection of the seedlings may originate at both the cortex 
and root tips, which stimulates the production of new lateral 
roots (Dunleavy, 1961). This usually results in a shallow, 
fibrous root system which lacks a tap root. 
In 1967, extensive root rot of established soybean plants 
by Rhizoctonia solani Kuehn was reported in Iowa (Tachibana, 
1968). Development of the root disease appeared to be en­
hanced by cool temperatures after rains, followed by warming 
periods. Seedling blight of soybeans by this fungus has been 
reported to most likely occur when soil temperatures approxi­
mate 25 C (Boosalis, 1950). Papavizas and Davey (1961) mea­
sured R. solani colonization of buckwheat tissues in sandy 
loam soils and found that growth was optimum when temperatures 
were between 20 and 30 C and when moistures were between 20 
and 50% of the moisture holding capacity. When soil moisture 
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"was above 50% of the moisture holding capacity, growth of 
the fungus was greatly reduced. Seedling infection of soy­
beans usually originates at the soil surface and then spreads 
downward into the roots (Baker, 1970). Infection of young 
plants is characterized by a reddish-brown lesion which does 
not extend above the soil line (Nyvall, 1981). The disease 
may progress during the growing season such that the lesion 
develops through the hypocotyl, thus limiting water uptake. 
Rhizoctonia solani can survive for long periods as sclerotia 
(Mangenot and Dien, 1979) or as mycelium (Lockwood, 1960) in 
the soil. Isolates of R. solani from different soils may 
vary considerably in sclerotia characteristics, pathogenicity, 
and growth rates (Parmeter and Whitney, 1970). 
Interactions among soil-borne fungi may affect soybean 
seedling infection. Phaseolus vulgaris L. plants are often 
infected under cold, wet soil conditions by a combination of 
F. solani (Mart.) Appel & SR. f. sp. phaseoli (Burk,) Synd. & 
Hans, and P. ultimum (Pieczarka and Abawi, 1978). An additive 
interaction has also been established between P. ultimum and 
F. solani infecting peas (Kraft and Roberts, 1959). French 
and Kennedy (1963) reported that soybean seedlings were usual­
ly infected by both F. oxysporum and R. solani. Bender and 
Nyvall (1976) demonstrated that under cool (16 C) soil tem­
peratures, soybean seedling infection by F. oxysporum and 
Pythium sp, was higher than that due to either alone, but no 
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relationship was found at 27 C. Other work has suggested 
that no interaction exists between Fusarium spp, and P. 
ultimum causing soybean damping-off (Schlub and LocKwood, 
1981). 
Whether leachates from seeds stimulates fungal growth 
and subsequent seedling infection is controversial. Growth 
of Pythium sp. in soil has been increased with the addition 
of glucose (Agnihotri and Vaartaja, 1957) and water soluble 
substances from turnip seeds (Barton, 1957). Other studies 
have suggested that chlamydospores of F. solani (Mart.) 
Sacc. f. sp. pisi (Jones) Snyd. & Hans, were stimulated to 
germinate by these volatile compounds. Infection of low 
quality cotton seeds by R. solani increased when exudates 
accumulated around the seeds (Hayman, 1967), and germination 
of F. solani chlamydospores was correlated to increased levels 
of amino acid and sugar exudation surrounding artificially 
cracked seeds of P. vulgaris (Schroth and Cook, 1964). Stasz 
et al. (1980) determined that, if the seed coats of Pisum 
sativum L. lacked anthrocyanins or were damaged, they were 
more susceptible to infection by P. ultimum. In 'Hood' soy­
beans, high soil moisture levels increased carbohydrate seed 
exudation and damping-off by P. ultimum and P. debarvanum 
(Keeling, 1974). However, it has been shown that scarified 
soybean seeds may exhibit lower vigor than undamaged seeds 
under adverse soil conditions, regardless of the presence of 
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soil-borne organisms, and that naturally occurring hypodermal 
seed coat cracks do not increase exudation and subsequent 
seedling disease (Schlub and Schmitthenner, 1978). 
Use and Effects of Fungicide Seed Treatments 
Fungicide seed treatment has been an integral part of 
the U.S. vegetable production industry since the early 1940s 
(Taylor and Rupert, 1946). Today, beet, cabbage, cucumber, 
lettuce, onion, pea, potato, spinach, and sweet corn seeds 
are routinely treated with fungicides to prevent seedling 
blights caused by soil-borne pathogens (Sharvelle, 1979). 
Seed treatment has also been recommended for the protection 
of alfalfa and red clover seedlings from Pythium seed rot and 
seedling blight (Nyvall, 1979), and carboxin (5,6-dihydro-2-
methyl-l,4-oxathiin-3-carboxanilide) has commonly been applied 
to small grain seeds to reduce the level of loose and covered 
smut (Sharvelle, 1979). Fungicide seed treatment has also 
been suggested for the prevention of Pythium damping-off of 
cotton and sugar beets, Rhizoctonia seedling blight of flax, 
and Macrophomina diseases of peanuts (Nyvall, 1979). 
No mention of fungicide seed treatment was made in the 
early experiment station publications concerning soybean 
production in Iowa (Dyas, 1941; Mighell et al., 1934), 
although it was recommended for corn, barley, flax, oats, 
sorghum, and wheat (Porter, 1944b). Although the efficacy of 
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chloranil (2,3,5,6-tetrachloro-l,4-benzoquinone), ferbam 
(ferric dimethyldithiocarbamate), hydroxymercurichlorophenols, 
and thiram (bis(dimethylthio-carbamoyl) disulfide) were 
tested on 'Mukden' soybeans in 1943 by Porter (1944a) in 13 
states, the exact time when seed treatment was recommended 
for soybeans is difficult to determine. Few estimates on a 
national, regional, or state level are available which indi­
cate the use of soybean fungicide seed treatment. One survey 
of 499 respondents in Iowa (Anonymous, 1982) suggested that 
about 22.6% of the soybeans planted in 1982 were treated with 
fungicides. Another report indicated that 0.14% of the 
7,600,000 Iowa soybean acres in 1978 were planted with treated 
seeds, although the authors of this systematic, stratified 
survey of 3,000 crop producers cautioned that their estimates 
were probably low (Becker and Stockdate, 1980). MacFarlane 
(1981) indicated that 11% of the 1980 Iowa soybean acreage 
was planted with treated soybean seeds, although he also sug­
gested that the level could approximate 47.5% when consider­
ing the entire United States. 
According to MacFarlane (1981), slightly over 75% of all 
soybean fungicide seed treatments in the U.S.A. are applied 
as planter or hopper-box treatments. The remainder are ap­
plied as a slurry at seed conditioning plants. Some concern 
exists over the use of planter or hopper-box treatments, as 
seed coverage may be poor (Purdy, 1967). The formulations 
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commonly used have included wettable powders, emulsifiable 
concentrates, solutions, and dusts (Martin and Worthing, 1976); 
however, there appears to be a trend toward liquid (pour-on) 
types to be used as planter or hopper-box treatments 
(MacFarlane, 1981). 
Soybean seed fungicides which are recommended in Iowa 
include formulations of captan (cis-N-((trichloromethyl)thio)-
4-cyclohexene-l,2-dicarboximide), carboxin, maneb (manganese 
ethylene-bisdithiocarbamate), PCNB (pentachloronitrobenzene), 
and thiram to protect against seedling infection by Pythium. 
Fusarium. and Rhizoctonia spp. (Nyvall, 1978). Problems may 
be associated with treatment because of indefinite persis­
tence of the fungicide, phytotoxicity, and incompatibility 
with Rhizobium inoculum (Nyvall, 1975). Phytotoxicity symp­
toms include leaf burning, chlorosis, and stunting (Whitney, 
1978). Curley and Burton (1975) determined that captan and 
thiram did not harm the nodulating bacterial inoculum applied 
to 'Hark' soybean seeds if planted 24 hr after inoculation, 
although carboxin and PCNB treatments were deleterious. In 
another study, root nodule formation was restricted when the 
bacterial inoculant was applied with 2,000 ppm a.i, (by 
weight) of captan (Stovold and Evans, 1980). 
Soybean seed treatment recommendations vary somewhat 
throughout the world, depending upon at which crop-pathogen 
complex the fungicides are directed against. In India, captan 
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and thiram are suggested for the protection of soybean 
seedlings against soil-borne Macrophomina phaseoli (Maubl.) 
Ashby (Singh et al., 1973). Mercuric and organic fungicides 
are recommended in Korea to reduce soybean seedling infection 
by Glomerella glycines (Hori) Lehman and Wolf (Ahn and Chung, 
1970). In the U.S.A., soybean fungicide seed treatments often 
are recommended when emergence under cool, wet soil conditions 
is anticipated (Nyvall and Epstein, 1978; Shortt et al., 1981; 
Sinclair and Shurtleff, 1975). Similar recommendations have 
been made in other soybean production areas of the world to 
control infection by the common soil-borne pathogens, Pythium. 
Fusarium. and Rhizoctonia spp. (Mik.hailenko, 1965; Stovold and 
Evans, 1980). Reductions in the quantity of fungi associated 
with soybean seeds because of fungicide seed treatment have 
also been measured (Nene et al., 1969). In addition, in­
creased emergence of treated Phomopsis-infected seedlots has 
frequently been reported (Chamberlain and Gray, 1974; Nedrow 
and Harman, 1980; TeKrony et al., 1974; Wallen and Cuddy, 
1950), especially when infection of the seeds exceeds 15% 
(Wall et al., 1983). 
Some of the early research employing organic fungicides, 
such as thiram, showed inconsistent treatment benefits on 
soybean seeds (Reddy, 1949), and tests from 1944 to 1946 
demonstrated that treatment was usually of no benefit when 
applied to high quality seeds, even under wet soil conditions 
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(Welch, 1946). Recent reports from Brazil (Almeida, 1981) 
and Missouri in the U.S.A. (Palm, 1981) indicate that in­
creased emergence due to treatment usually only occurs in 
seedlots with a low germination percentage as indicated in 
laboratory tests. Studies from Kansas (Crowe and Sanders, 
1980) and Texas (Whitney, 1981) have suggested no consistent 
treatment benefits on any seedlot. Any increased emergence 
due to fungicide treatment is seldom positively correlated 
with yield (Athow and Caldwell, 1956; Nedrow and Harman, 1980; 
Strissel and Dunleavy, 1970). The lack of documented yield 
increases may partially be explained because of the potential 
for compensatory growth in soybeans under reduced stands 
(Kalton et al., 1949). Despite the available research, 
the belief has persisted that soybean fungicide seed treatment 
is an "inexpensive satisfactory type of crop insurance" (Kadow 
and Anderson, 1937). The usual way in which soybean seed 
treatment recommendations were developed was to test differ­
ent rates of application at several locations over several 
years. These data give some idea of the efficacy of treat­
ments, but do not provide a sound epidemiological basis for 
the recommendations. It is not surprising, therefore, that 
treatment tends to be inconsistent. 
Efforts are constantly being made both by industry to 
develop new fungicide compounds and the academic community 
to improve the consistency and efficacy of soybean seed 
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treatments. Several new compounds may soon be available to 
provide soybean seedling protection against soil-borne 
Phytopthora. Pythium, and Rhizoctonia spp. and for the con­
trol of seed-borne Phomopsis spp. (MacFarlane, 1981). Many 
attempts to improve soybean fungicide efficacy have been made 
since it was demonstrated that organic solvents could infuse 
fungicides into dry seeds (Kahn et al., 1973; Meyer and Mayer, 
1971). Papavizas and Lewis (1976) used acetone to infuse 
soybean seeds with fungicides to afford systemic protection 
against soil-borne Phytopthora meqasperma var. so iae. Seed-
borne Phomopsis spp. control has been attained by infusing 
benomyl (methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate) 
into soybean seeds using dichloromethane (Ellis et al., 1976). 
Since both acetone and dichloromethane may be injurious to 
seed tissues and reduce seed viability, other workers have 
suggested using polyethyleneglycol to infuse fungicides 
(Shortt and Sinclair, 1980). 
Present soybean fungicide seed treatment recommendations 
suggest that treatment should be considered when cool, wet 
emergence conditions are anticipated. Since a significant 
number of the soils in Iowa could be classified as poorly 
drained and potentially wet in the spring (Oschwald et al., 
1965), these recommendations are simply too broad-based. 
Just how wet and cold the soils need to be before treatment 
would be beneficial has not been delineated. Confusion also 
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exists because of a lack of documentation on whether soybean 
seeds of low quality for reasons other than disease, such as 
mechanical damage, age, or size, will respond to treatment. 
Both the seed quality characteristics and soil conditions 
where treatment would be beneficial must be outlined before 
specific recommendations can be developed. Because of these 
concerns, this study was carried out to investigate the cul­
tural, pathological, and environmental factors associated with 
soybean seed treatment. The first part deals with the effects 
of seed treatment in relation to seed-borne pathogens and seed 
quality and the second part deals with the relationship to 
soil-borne pathogens. 
Explanation of Dissertation Format 
This dissertation consists of a general introduction, 
two separate manuscripts (parts), a general summary and con­
clusion, literature cited, acknowledgments, and appendices. 
The Ph.D. candidate, Mark T. Wall, is or will be the senior 
author on publications derived from the two parts. The Part 
I journal article, coauthored with Drs, Denis C. McGee and 
Joseph S. Burris, will be published in the Agronomy Journal 
in 1983, The same authors are developing the Part II journal 
article, which will be submitted to Plant Disease, 
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PART I. EMERGENCE AND YIELD OF FUNGICIDE TREATED 
SOYBEAN SEEDS DIFFERING IN QUALITY 
20 
ABSTRACT 
Current recommendations that soybean (Glycine max L. 
Merr.) seeds be treated with fungicides, if they are of poor 
quality or to be planted in cool, wet soils, are too vague 
for the grower to be sure when treatment is warranted in the 
upper Midwest. This paper evaluates the effects of fungicide 
treatments on seeds with different quality characteristics 
under more precisely defined soil conditions than in previ­
ously reported studies. Seedlots of 'Cumberland', 'Wells', 
and 'Williams' with inferior quality due to age, damage, 
small size, or infection by Phomopsis spp. were treated with 
captan (N-trichloromethyl-thio-4-cyclohexene-l,2-
dicarboximide), carboxin-thiram (5,6-dihydro-2-methyl-l, 
4-oxathiin-3-carboxanilide 17%, tetramethyithiuram disulfide 
17%), metalaxyl (methyl D, L-N-(2,6-dimethylphenyl)-N-(2-
methoxyacetyl) alanine methyl ester) or untreated. These 
were tested for emergence and yield in the field on two soil 
types at three different planting times in both 1980 and 1981. 
Captan and carboxin-thiram seed treatments were equally ef­
fective in increasing emergence in the laboratory and field 
of soybean seedlots with more than 15% Phomopsis spp. infec­
tion, but metalaxyl did not. No seed treatment consistently 
improved field emergence of seeds with reduced quality because 
of mechanical damage, age, or size. There were no obvious 
differences in fungicide performance in relation to planting 
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dates or soil types. Increased yield in response to fungi­
cide seed treatment was only detected in the 50% Phomopsis-
infected seedlot. We conclude that fungicide seed treatment 
cannot be justified on seeds of low quality for reasons other 
than disease under most of the soil conditions likely to occur 
in the upper Midwest. These results suggest that performance 
of seedlots with Phomopsis spp. infection exceeding 15% will 
be improved by fungicide seed treatment. 
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INTRODUCTION 
Fungicide seed treatment of soybeans (Glycine max L. 
Merr. ) in the midwestern states of the U.S.A. is recognized 
as a method that may increase emergence and plant stand. In­
creased yields, however, are seldom reported (Athow and 
Caldwell, 1955; Nedrow and Harman, 1980; Sinclair, 1982; 
Strissel and Dunleavy, 1970). This may be partly explained 
by the potential for compensatory growth in soybeans when the 
plant populations are low (Kalton et al., 1949). Although 
yield increases may not be a realistic incentive for seed 
treatment of soybeans, there are good agronomic reasons for 
ensuring a uniform stand of healthy seedlings. Fungicide 
seed treatments, therefore, have a place in soybean crop 
management. 
Present recommendations which suggest using fungicides 
on seeds with poor quality or when plantings are made in cool, 
wet soils (Nyvall and Epstein, 1978; Shortt et al., 1981; 
Sinclair, 1982) are too general for the grower to be sure of 
when fungicide seed treatment is warranted. They reflect a 
lack of understanding of the relationships between seed quali­
ty, soil-borne pathogens, soil environments, and fungicide 
performance. It is well established that fungicide seed 
treatment will improve the emergence of soybean seeds infected 
by Diaporthe phaseolorum (Cke. and Ell.) Sacc. var. sojae 
Lehman and an unnamed Phomopsis sp. (Schmitthenner and Kmetz, 
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1980) (these two fungi are collectively referred to in this 
paper as Phomopsis) (Chamberlain and Gray, 1974; Nedrow and 
Harman, 1980; Wallen and Cuddy, 1960), but it is not clear 
what level of Phomopsis infection justifies seed treatment. 
Seeds with poor quality for reasons other than disease, such 
as mechanical damage, size, and age, might be expected to 
respond to fungicide treatment because of the increased 
activity of soil-borne fungi stimulated by solute leakage 
from damaged seeds (Keeling, 1974), or the reduced growth of 
the less vigorous small (Burris et al., 1973), or aged (Byrd 
and Delouche, 1971) seeds; but, we can find no documentation 
in the upper Midwest of the effects of seed treatment on these 
kinds of seeds. Although soil factors including low tempera­
ture during imbibition (Thomas et al., 1975), soil resistance 
(Knittle et al., 1979), and pathogenicity of soil-borne fungi 
such as Pythium. Fusarium. and Rhizoctonia spp. (Pieczarka 
and Abawi, 1978; Schlub and Lockwood, 1981; Schlub et al., 
1981; Thomson et al., 1971) have been implicated in reduced 
emergence, existing data are inadequate to make reliable 
recommendations on seed treatment in relation to soil condi­
tions. A study was initiated to examine the cultural, en­
vironmental, and pathological factors influencing soybean 
seed treatment, with the objective of defining more precisely 
the conditions under which treatment would be beneficial. 
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The work reported here evaluates the effects of fungicide 
treatment on seeds with different quality characteristics 
across a range of soil environments. 
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MATERIALS AND METHODS 
Seedlot Characteristics 
Soybean seedlots used in this study were described by 
the presence of characteristics that might reduce seed quali­
ty; namely, Phomopsis infection, mechanical damage, small 
size, or deterioration caused by aging for 2 years. Seedlots 
described as good quality had less than 2.5% of the seeds 
with any of these characteristics. All seedlots were evalu­
ated for Phomopsis infection in a modified blotter test 
(McGee et al., 1980) and for mechanical damage in a sodium 
hypochlorite test (Luedders and Burris, 1979). In 1980, seed-
lots of the soybean cultivars, 'Williams' and 'Cumberland', 
were obtained that were of good quality, aged 2 years, or 
highly infected by Phomopsis. Portions of the good-quality 
2-year-old lots were mechanically damaged by dropping seeds 
6 m onto a steel plate. The undamaged, damaged, and 
Phomopsis-infected seedlots were then either treated with 
captan (N-trichloromethylthio-4-cyclohexene-l, 2-
dicarboximide) (Captan 30DD) at the rate of 5.5 ml/kg seed 
(diluted 1:30, carboxin-thiram (5,6-dihydro-2-methl-l, 4-
oxathiin-3-carboxanilide 17%, tetramethylthiuram disulfide 
17%) (Vitavax 200FF) at 2.6 ml/kg seed (diluted 1:1), or un­
treated. Fungicides were applied to seeds in liquid suspen­
sion in a Gustafson Batch Laboratory Treater (Gustafson Inc., 
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17400 Dallas North Parkway, Suite 220, Dallas, Texas 72540). 
In 1981, five 'Wells' seedlots were obtained that were 
of good quality, aged 2 years, or infected with Phomopsis at 
the rates of 15, 30, or 50%, respectively. The good-quality 
lot was divided into three parts. One was left untreated, 
another was mechanically damaged as described, and the third 
passed over seed-sizing screens (5.5-6.5 mm in diameter), and 
the small seeds that passed through were collected. Each 
seedlot was treated with captan and carboxin-thiram, as pre­
viously described, with metalaxyl (methyl D, L-N-(2,6-di-
methylphenyl)-N-(2-methoxyacetyl)alanine methyl ester (Apron 
2E) at 4.0 ml/kg seed (diluted 1:5), or untreated. The per­
formance of all fungicide-treated seedlots was determined in 
a standard warm germination test (Anonymous, 1960) and in a 
cold germination test that simulated cold, wet field soil 
conditions. This procedure required planting two replicates 
of 100 seeds per treatment in glass-fiber trays (45 x 30 cm) 
filled 8 cm deep with a Webster silty clay loam soil (fine-
loamy, mixed, mesic, typic haplaquoll), which had been ad­
justed to 35.8% moisture content on a dry-weight basis. 
Seedling emergence was counted after incubation for 7 days 
at 10 C, followed by 7 days at 25 C. 
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Field Tests 
In 1980, seeds of all treatments were planted with a 
four-row planter near Ames, Iowa, at early (28 April), 
normal (23 May), and late (11 June) planting times in poorly 
drained (Webster silty clay loam) and well-drained (Clarion 
loam) (mesic, typic hapludoll) soils. Both soils types were 
in different parts of the same field. Each treatment was 
replicated four times in a randomized complete-block design. 
Individual plots consisted of four rows, 5 m long and 76 cm 
apart, with 100 seeds per row planted at a depth of 5 cm. 
Emerged seedlings were counted at the VI growth stage (Fehr 
and Caviness, 1977) on all four rows. Yield measurements 
were taken only on the May planting in both soils by harvest­
ing the two center rows of each plot with a small-plot 
combine. In 1981, seeds from all treatments were planted in 
the same two soil types in the same field on 10 April, 15 May, 
and 11 June. The experimental design was the same as that in 
1980; the same measurements were made of emergence and yield. 
In both years, soil temperatures were measured with 
maximum/minimum thermometers at a depth of 10 cm. Days to 
100-degree day Celsium units after planting were calculated, 
using the National Weather Bureau System, for each planting 
date in each soil type. Soil samples taken every week at 
five locations in each soil type from the upper 6 cm of 
28 
profile were dried for 36 hours at 100 C and percentage soil 
moisture calculated on a dry-weight basis. These values then 
were averaged over the days to 100-degree units from each 
planting date. 
In 1981, the good-quality, mechanically damaged, and 30% 
Phomopsis spp.-infected seedlots, each treated with the three 
fungicides or untreated, also were planted on 17 April and 
23 May near Olivia, MN, in a poorly drained Webster soil. 
Plots were the same size and arranged in the same way as 
those at the Ames location. Measurements were made of emer­
gence and yield for both planting dates as described. Soil 
temperature and soil moisture were not measured. 
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RESULTS 
Laboratory Seed Quality Tests 
Laboratory tests showed that differences in seed quality 
existed before fungicide treatment in both years of the study 
(Table 1). Germination of all good-quality undamaged lots 
was 87.5% or higher in both warm and cold tests. The small-
seed component of the good-quality lot used in 1981 showed no 
significant loss in germination. For 2-year-old seed, how­
ever, germination values were 90% or higher in warm tests 
but were 82% or lower in cold tests. In general, mechanical 
damage resulted in reduced germination percentages when com­
pared with that of corresponding undamaged seedlots in both 
warm and cold tests. Damage symptoms included shortened and 
aberrant hypocotyls and necrotic lesions on the cotyledons. 
Significantly fewer of the 15% Phomopsis-infected seeds ger­
minated than did good-quality seeds of the same cultivar in 
both warm and cold tests. A gradual decline in germination 
values associated with increased Phomopsis infection was 
obvious in 1981. 
Captan and carboxin-thiram seed treatments did not im­
prove warm germination values consistently for any of the 
seedlots (Table 1). In cold tests, however, the treatments 
significantly improved emergence of some mechanically damaged 
and 2-year-old seedlots and all Phomopsis-infected seedlots, 
Table 1. Laboratory seed-quality tests of seedlots planted in 1980 and 1981 
Seed characteristic^ Warm aermination^ Cold germination^ 
Cultivar Original 
Subsequent 
seed treatment 
NT C V NT C V 
1980 
Williams Good quality None 98. 0 97. 0 99. 0 90. 0 91. 7 91. 3 
16.5% damage 78. 8 81. 0 82. 4 77. 0 88. 1* 90. 0* 
Two years old None 91. 8 90. 0 92. 0 76. 0 81. 8 82. 2 
11% damage 86. 3 87. 3 88. 7 81. 5 80. 0 81. 0 
22% Phomopsis None 84. 0 89. 1* 89. 9* 78. 0 86. 9* 85. 1 
Cumberland Good quality None 95. 0 94. 3 95. 0 90. 5 95. 1 92. 9 
17% damage 84. 3 89. 5* 88. 5* 77. 5 78. 9 80. 1 
Two years old None 92. 5 89. 0 91. 0 73. 5 81. 7* 84. 3* 
25% damage 76. 8 83. 6* 84. 0* 53. 5 67. 4* 65. 6* 
36% Phomopsis None 80. 0 83. 0 83. 8* 77. 0 87. 3* 89. 7* 
1981 
Wells Good quality None 96. 3 95. 3 96. 7 87. 5 95. 0* 87. 5 
15% damage 88. 7 84. 7 87. 3 74. 5 87. 0* 90. 5* 
Small seeds 96. 0 97. 5 97. 7 86. 5 94. 0* 94. 0* 
Two years old None 95. 0 91. 3 92. 0 82. 0 90. 0* 89. 5* 
15% Phomopsis None 87. 7 85. 7 88. 3 83. 5 81. 0 83. 0 
30% Phomopsis None 75. 7 78. 0 83. 7* 69. 0 79. 5* 79. 5* 
50% Phomopsis None 52. 3 54. 7 55. 7 31. 5 56. 5* 51. 0* 
Unless otherwise stated, seedlots were 1 year old and had few seeds infected 
by Phomopsis or mechanically damaged. 
Untreated (NT), captan (C), or carboxin-thiram (V) treated seeds. 
*Significantly different at the 0.05 level from the corresponding untreated 
seeds. 
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except for the one with 15% infection. Because metalaxyl 
seed treatment had no effect on warm- or cold-test germina­
tion values for any seed treatment, data were not tabulated. 
Field Tests 
No significant differences in emergence were found be­
tween cultivars planted in 1980 (Tables 2, 3, 4). Emergence 
of untreated Phomopsis-infected seed consistently was lower 
than that of good-quality seed in both years of the study. 
In 1981, a gradual decline in emergence associated with in­
creased Phomopsis infection occurred similar to that found 
in laboratory cold tests. Emergence percentages for 2-year-
old and small seeds, in general, were similar to those for 
good-quality seeds. Mechanical damage usually had little 
effect on emergence of good-quality seed, but it did result 
in reduced emergence for 2-year-old seeds in 1980. Captan 
and carboxin-thiram seed treatments generally improved emer­
gence of Phomopsis-infected seedlots; metalaxyl did not (data 
not tabulated). Fungicides seldom improved emergence of other 
seedlots, however. There also were no obvious differences 
in the performance of these fungicides in relation to plant­
ing date or soil type (see Appendix A). The most commonly 
occurring conditions in the 1980 and 1981 field studies were 
cool to warm soils (>15.5 days to 100-degree units) with mod­
erate moisture content (15-20%) and very warm (<7.5 days to 
Table 2. Effects of fungicide seed treatments and seed quality on seedling 
emergence of soybeans planted in well- and poorly drained field soils 
on 28 April 1980 and 10 April 1981 
Soil type 
Seed characteristic Well-drained Poorly drained 
Subsequent NT^ NT C V 
Ciiltiv3.3r OjTXQ'inQ.l SG0d tirG3tin0nt 
1980 
Williams Good quality None 66. 5 65. 7 69. 3 71. 4 70. 6 77. 2 
16.5% damage 55. 8 58. 0 56. 0 58. 7 57. 8 60. 1 
Two years old None 66. 2 69. 8 69. 7 68. 3 73. 7 71. 9 
11% damage 59. 0 58. 9 63. 0 65. 0 63. 8 68. 7 
22% Phomopsis None 46. 0 55. 4* 61. 2* 55. 7 66. 6* 68. 4* 
Cumberland Good quality None 65. 9 68. 7 69. 3 78. 0 78. 7 69. 0* 
17% damage 64. 0 59. 8 57. 9 62. 7 61. 8 63. 8 
Two years old None 62. 0 62. 7 b 68. 2 75. 9 
25% damage 52. 5 56. 1 53. 9 59. 1 
36% Phomopsis None 44. 9 55. 1* 59. 3* 49. 6 57. 5* 63. 7* 
Days to 100 Celsius degree units 
from planting 11. 0 13. 0 
Soil moisture during 100 unit period^ 15. 5 19. 5 
1981 
Wells Good quality None 
15% damage 
Small seeds 
Two years old None 
15% Phomopsi s None 
20% Phomopsis None 
50% Phomopsi s None 
Days to 100 Celsius degree units 
from planting 
Soil moisture during 100 unit period 
77.8 54. 8* 68. 9 77.4 77.9 75.0 
68.9 62.9 65. 0 63.6 62.8 62.4 
66.5 60.4 58. 4 76.6 74.8 75.5 
65.0 68.0 63. 3 61.8 65.9 58.3 
50.6 55.8 64. 6 54.6 58.0 59.6 
44.4 43.5 58. 9 48.3 61.1* 58.1 
25.5 36.5 30. 3 25.1 36.0* 44.5* 
28.0 29.0 
17.5 19.8 
^Emergence (%) of untreated (NT), captan (C), and carboxin-thiram (V) treated 
seeds. Data are not presented for metalaxyl treatments. 
^Treatment not included because of field space limitations. 
^Percentage dry-weight basis. 
•Significantly different at the 0.05 level from the corresponding untreated 
seeds. 
Table 3. Effects of fungicide seed treatments and seed quality on seedling 
emergence of soybeans planted in well- and poorly drained field soils 
on 27 May 1980 and 15 May 1981 
Soil type 
Seed characteristic Well-drained 
Cultivar Original seed 
Subsequent 
treatment 
NT^ C^ NT C V 
1980 
Williams Good quality None 
16.5% damage 
77.2 
74.3 
80.1 
71.1 
77.3 
75.3 
— — 
Two years old None 
11% damage 
80. 3 
72.4 
78.1 
77.2* 
79.1 
75.5 — — — 
22% Phomopsis None 67.7 73.6* 77.7* - — — 
Cumberland Good quality None 
17% damage 
81.9 
73.0 
80.9 
74.8 
80.6 
74.9 
-
— — 
Two years old None 
25% damage 
74.2 
60.0 
78.3 
66.0* 
_c 
-
— — 
36% Phomopsis None 61.7 67.4* 71.6* - — — 
Days to 100 Celsius degree units 
from planting 
Soil moisture during 100 unit period^ 
5.0 
24.9 
6.0 
28.3 
1981 
Wells Good quality None 82. 9 84. 1 73. 6 67. 0 65. 5 64. 0 
15% damage 80. 3 83. 3 74. 3 62. 1 66. 4 71. 1 
Small seeds 80. 4 71. 9 73. 0 74. 0 64. 5 65. 8 
Two years old None 77. 3 77. 1 78. 3 60. 1 65. 0 64. 7 
15% Phomopsis None 69. 5 57. 7* 69. 0 47. 3 62. 2* 50. 0 
30% Phomopsis None 56. 1 69. 6* 73. 1* 43. 1 56. 5* 
CO 
8 
50% Phomopsis None 
C
O
 m
 6 57. 6* 66. 2* 25. 3 42. 2* 47. 7* 
Days to 100 Celsius degree units 
from planting 14. 0 14. 0 
Soil moisture during 100 unit period 13. 6 18. 9 
^Emergence {%) of untreated (NT), captan (C), and carboxin-thiram (V) treated 
seeds. Data are not presented for metalaxyl treatments. 
^Data not available because of flooding. 
^Treatment not included because of field space limitations. 
"Percentage dry-weight basis. 
*Significantly different at the 0.05 level from the corresponding untreated 
seeds. 
Table 4. Effects of fungicide seed treatments and seed quality on seedling emer­
gence of soybeans planted in well- and poorly-drained field soils on 
11 June 1980 and 1981 
Soil type 
Seed characteristic Well-drained Poorly drained 
Subsequent NT^ V^NT C V 
Cultivar O r i g i n a l  s e e d  t r e a t m e n t  — — — — —  
1980 
Williams Good quality None 72. 0 74. 9 73. 6 70. 9 70. 2 71. 0 
16.5% damage 64. 9 69. 0 72. 1* 64. 5 60. 8 52. 5 
Two years old None 73. 3 78. 8* 75. 6 57. 4 75. 0* 60. 5 
11% damage 71. 4 66. 7 72. 0 54. 7 68. 2 59. 3 
22% Phomopsis None 66. 5 75. 4 72. 9* 59. 9 72. 3 76. 5* 
Cumberland Good quality None 77. 3 76. 6 79. 1 69. 0 78. 6 81. 4 
17% damage 64. 7 71. 5* 69. 5 72. 9 69. 3 58. 1* 
Two years old None 73. 4 77. 7 b 68. 3 76. 2 
25% damage 59. 0 64. 5* 50. 1 57. 7 
36% Phomopsis None 57. 7 65. 8* 64. 9* 59. 7 70. 2 67. 6 
Days to 100 Celsius degree units 
from planting 4. 5 5. 0 
Soil moisture during 100 unit period^ 22. 9 23. 0 
1981 
Wells Good quality None 69. 7 73. 8 69. 2 79. 2 84. 0 77. 3 
15% damage 72. 8 73. 5 70. 8 76. 3 78. 1 73. 0 
Small seeds 71. 5 77. 3 72. 8 79. 3 69. 5 76. 8 
Two years old None 65. 4 70. 9 64. 7 73. 0 79. 6 66. 9 
15% Phomopsis None 56. 8 68. 3 60. 6 69. 8 74. 6 54. 9* 
30% Phomopsis None 42. 6 53. 3 53. 8 49. 8 58. 1 59. 8 
50% Phomopsis None 22. 3 33. 0 34. 1 26. 0 39. 3* 44. 1* 
Days to 100 Celsius degree units 
from planting 8. 0 7. 5 
Soil moisture during 100 unit period 15. 4 23. 1 
Emergence (%) of untreated (NT), captan (C), and carboxin-thiram (V) treated 
seeds. Data are not presented for metalaxyl treatments. 
treatment not included because of field space limitations. 
^Percentage dry-weight basis. 
•Significantly different at the 0.05 level from the corresponding untreated 
seeds. 
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100-degree units), moist (>23% moisture content) soils. Other 
planting environments occurred only once or not at all. In 
some instances, fungicide treatment resulted in significantly 
less emergence than that from the corresponding untreated 
seed. These values did not follow a consistent trend, however. 
The 1981 results in the Minnesota test were similar to 
those at Iowa, in that mechanical damage did not reduce emer­
gence of the good-quality seed while emergence was signifi­
cantly lower for 30% Phomopsis-infected seeds (data not given). 
Also, captan and carboxin-thiram treatments improved emergence 
only for the Phomopsis-infected seeds. 
Significantly lower yields, compared with those in plots 
grown from good-quality seeds, were found only in plots grown 
from untreated 50% Phomopsis-infected seed in both soils types. 
These yields ranged from 1,025 and 1,680 kg/ha for the well-
drained and poorly-drained soils, respectively, to levels 
of 2,078 and 2,168 kg/ha for the untreated high quality seed-
lots. Captan treatment significantly increased the yield to 
2,008 kg/ha for the 50% Phomopsis-infected seedlot in the 
well-drained soil in 1981. Otherwise, fungicides had no 
effect on yield for any other diseased, mechanically damaged, 
small-sized, or 2-year-old seedlot planted in May. 
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DISCUSSION 
Under the field conditions encountered in this study, 
fungicide seed treatment did not improve emergence of soy­
beans that had reduced seed quality due to mechanical damage, 
age, or size, but it did improve the emergence of seed with 
more than 15% Phomopsis infection. Improved emergence of 
Phomopsis-infected seed by fungicide seed treatment has been 
noted by others (Chamberlain and Gray, 1974; Nedrow and 
Harman, 1980; Wallen and Cuddy, 1960), but our data indicate 
the amount of infection above which seed treatment may in­
crease field stands at the VI growth stage. Captan and 
carboxin-thiram seemed to be equally effective in improving 
the emergence of these diseased seedlots. The ineffective­
ness of metalaxyl on Phomopsis-infected seed was not unex­
pected because this fungicide usually is active only against 
Phycomycetes, The finding that seed treatment increased 
yield only in plots grown from 50% Phomopsi s-inf ected seed, 
where emergence was less than 40%, substantiates the con­
clusion of Shortt et al. (1981) that yield responses to 
fungicide seed treatments occur only when plant stand is 
severely reduced. 
Data were not obtained across the complete spectrum of 
soil environments that might be expected in Iowa from April 
through June, but the conditions of cool to warm soils of 
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moderate moisture content and warm, wet soil represent a 
broad range of the environmental conditions likely to occur. 
Although cold, wet soils did not occur in the field, the 
responses of seedlots to fungicides in laboratory cold tests 
support the contention of others (Nyvall and Epstein, 1978; 
Shortt et al., 1981; Sinclair, 1982) that seed treatment may 
be beneficial. In this test, captan and carboxin-thiram 
improved the emergence, not only of Phomopsis-infected seeds, 
but also of mechanically damaged and 2-year-old seeds. This 
response of seedlots not infected by Phomopsis suggests that 
soil-borne pathogens were controlled by seed treatment. 
These test conditions also were the only ones in which emer­
gence of untreated mechanically damaged and 2-year-old seeds 
was significantly lower than that of good-quality seeds. 
Further research is needed to precisely define those soil 
conditions where seed treatment will be the most efficacious. 
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PART II. FUNGICIDE TREATMENT OF SOYBEAN SEEDS IN 
RELATION TO SEEDLING INFECTION BY 
SOIL-BORNE Pythium and Fusarium SPECIES 
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ABSTRACT 
Under laboratory conditions in which a poorly drained 
Webster field soil was maintained at different conditions of 
soil moisture and temperature, Pythium and Fusarium coloniza­
tion of soybean seedlings grown from mechanically damaged 
seeds was greater at 15 C than at 20 or 25 C. The relative 
reduction in colonization by Fusarium at 20 C, however, was 
greater than that for Pythium. Soil moisture levels of 35, 
28, and 20% had no significant effect on seedling coloniza­
tion. Colonization of seedlings by Pythium and Fusarium was 
greater 17 days after planting on April 30 when cold, wet con­
ditions prevailed in the Webster and Clarion soils than that 
found after the June 1 planting. For both laboratory and field 
tests, fungal colonization of seedlings grown from undamaged 
seeds was significantly lower than that for damaged seeds. The 
rate of emergence of these seedlings grown from damaged seeds 
was well correlated with seedling colonization by Pythium and 
Fusarium in both laboratory and field tests. The addition of 
Pythium ultimum inoculum to unsterilized soil under cold 
(10 C), wet (35% moisture) conditions in the laboratory re­
sulted in increased Pythium colonization of seedlings and a 
reduction in the emergence rate. Fusarium added in the same 
manner increased Fusarium seedling colonization, but did not 
affect emergence. Seed treatment with captan, carboxin-
thiram, and metalaxyl was effective in reducing Pythium and 
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Fusarium colonization in unsterilized soil, amended with 
these fungi, but only in Pythium-amended soil did seed treat­
ment increase the emergence rate. Under field conditions, 
captan reduced Pythium and Fusarium colonization in the well-
drained soil, but had no such effect in the poorly drained 
soil. Treatment had no effect on the emergence rate in 
either soil type. It was concluded that seed treatment may 
be beneficial when seeds of poor quality emerge in soils 
with minimum temperatures of 10-12 C. 
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INTRODUCTION 
The soil-borne fungi, Pythium debaryanum Hesse, P. 
ultimum Trow, Fusarium oxysnorum Schlect, F. solani Mart., 
and Rhizoctonia solani Kuehr all may cause seedling estab­
lishment problems in soybeans (Strissel and Dunleavy, 1970; 
Thomson et al., 1971; Dunleavy, 1961; Boosalis, 1950). How­
ever, the soil conditions under which each develops and the 
effects they have on seedlings are different. Soybean 
seedling infection by Pythium spp. has been associated with 
cold, wet soil conditions (Thomson et al., 1971), and it 
originates at the root tips and progresses upward into the 
hypocotyl (Baker, 1970). Soybean seedling blight by R. solani 
occurs under warmer and dryer conditions (Boosalis, 1950) 
than the Pythium spp,, with infection beginning near the soil 
surface and spreading downward (Baker, 1970). Fusarium spp. 
infect soybean seedlings under cold, wet conditions (Dunleavy, 
1961), but also may colonize plants in dry soil environments 
(Schlub et al., 1981). Infection of the seedlings often 
originates at the root cortex and tips. This stimulates the 
production of new lateral roots resulting in a shallow, 
fibrous root system (Dunleavy, 1961). 
Fungicide seed treatment is commonly recommended as a 
method for control of these pathogens on soybeans. However, 
such recommendations tend to be unspecific with respect to 
the pathogens that are controlled, using general terms like 
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"soil-borne fungi" (Nyvall and Epstein, 1978; Shortt et al., 
1981). There are numerous reports showing that seed treatment 
will improve emergence of soybean seeds in the field. That 
this may result from control of seed-borne pathogens such as 
Phomopsis spp. is well documented (Chamberlain and Gray, 
1974; Nedrow and Harman, 1980). Few studies (Hildebrand and 
Koch, 1952; Rabb et al., 1977) have shown responses to seed 
treatment either after inoculum was applied to soil or by 
measuring colonization by soil-borne fungi after emergence. 
Other papers (Brown and Kennedy, 1955; Stovold and Evans, 
1980; Strissel and Dunleavy, 1970) have assumed that control 
of soil-borne pathogens occurred because seed treatment was 
more beneficial under cold, wet soil conditions where soil-
borne pathogens might be expected to proliferate. 
The lack of a sound basis for seed treatment recommenda­
tions is probably a major reason why improved field emergence 
after soybean seed treatment in midwestern states of the 
U.S.A. has proven to be inconsistent. Because of concerns 
about the efficacy of this practice, a study was initiated to 
examine the cultural, pathological, and environmental factors 
which influence seed treatment. The first part of this study 
dealt with the effects of fungicide treatment on seeds of dif­
ferent quality (Wall et al., 1983). This paper examines soy­
bean seed treatment in relation to the pathogenicity of Pythium 
and Fusarium species as influenced by the seedlot quality and 
soil conditions. 
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MATERIALS AND METHODS 
Laboratory Experiments 
Portions of a certified seedlot of the soybean (Glycine 
max L. Merr.) cultivar 'Wells', with 4% mechanical damage, 
were either mechanically damaged to levels of 19.5 and 21% 
by dropping seeds 6 m onto a steel plate or not dropped. 
Following measurements of damage (Luedders and Burris, 1979) 
and Phomopsis spp, infection (McGee et al., 1980), the 3 seed-
lots were treated with captan (N-trichloromethylthio-4-
cyclohescene-1,2-dicarboximide) (Captan 30DD) at the rate of 
5.5 ml/kg seed (diluted 1:3), carboxin-thiram (5,5-dihydro-
2-methyl-l,4-oxathiin-3-carboxanilide 17%, tetramethylthiuram 
disulfide 17%) (Vitavax 200FF) at 2.6 ml/kg seed (diluted 1:1), 
metalaxyl (methyl D,L-N(2.6-dimethylphenyl)-N-(2-methoxy-
acetyl) alanine methyl ester (Apron 2E) at 4.0 ml/kg seed 
(diluted 1:5), or left untreated. Standard warm germination 
tests (Anonymous, 1960) and a vigor test which simulated cold, 
wet field conditions (Wall et al., 1983) were conducted on 
all seedlots after treatment. 
Relationships between fungal colonization by Pythium spp., 
Fusarium spp., and R. solani and seedling emergence were ex­
amined in soil adjusted to different temperatures and mois­
tures in an experiment using a completely randomized factorial 
design. A Webster silty clay loam (mesic, typic haplaquoll) 
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soil was taken from the location where field experiments were 
carried out in this study. This was passed through a 1-cm 
screen, air-dried and stored in sealed, plastic containers 
for 2 mo before use. Four replicates of 30 seeds each of 
nontreated, undamaged, 19.5, and 27% damaged seedlots, respec­
tively, were planted 1.5 cm deep in plastic boxes (25 x 19 x 
9 cm). The soil in each box was adjusted on a dry-weight 
basis to moisture contents of 35, 28, or 20% by adding dis­
tilled water and then covered to avoid desiccation. Two 
replicates of each seedlot-soil moisture combination were then 
randomly placed on each of 2 modified carts fitted with 
plexiglass backs and incubated in temperature-controlled rooms 
at 25, 20, or 15 C. Both carts, each containing the 2 repli­
cates of each seedlot-soil moisture combination, in each 
room were illuminated with fluorescent light on a cycle of 15 
hr light and 9 hr dark. After recording daily emergence for 
5 days for each treatment following planting, an emergence 
rate index (ERI) was calculated by adding the differences 
between successive daily emergence counts and dividing their 
summation by 6 (Erbach, 1982). No emergence occurred on the 
first day after planting. At 7 days after planting, the 
seedlings were removed and each one separately washed in 
running distilled water to remove the adhering soil. For 
each replicate, groups of 10 seedlings were plated on media 
selective for Fusarium (Komada, 1976), R. solani (Ko and Hora, 
51 
1971), and Pythium. respectively. The Pythium medium con­
sisted of 2% water agar amended with 100 units/ml of 
nystatin (E. R. Squibb and Sons, Inc., New York 10022) 
(Flowers and Hendrix, 1969). Each seedling was divided into 
cotyledons, hypocotyl, and roots and all parts placed in one 
petri dish. After incubation for 72 hr at 25 C in the dark, 
the number of plant parts from which the various fungi grew 
was counted and an analysis of variance conducted. Fungi 
were identified only to genus, but several representative 
isolates were identified to species. P. ultimum Trow, F. 
solani Mart., and R. solani Kuehn proved to be the prevalent 
species. 
Pathogenicity tests were carried out on single isolates 
of each of these fungi. Cultures were grown for 72 hr at 
25 C in the dark on potato dextrose agar. One plate of each 
isolate was then macerated in a mortar and pestle with 20 ml 
of sterile water and mixed with 500 g of unsterilized Webster 
soil. After wetting this amended soil to 35% moisture on a 
dry-weight basis, it was layered over 500 g of unsterilized 
soil previously wetted to a similar moisture in plastic 
boxes as described above. Captan treated and nontreated seeds 
of the undamaged and 19.5% damaged seedlots were planted in 
the fungal-amended, agar-amended, or unamended soils as pre­
viously described. The 3 replicates of each seedlot-soil 
combination were randomized among 4 carts and incubated for 
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7 days at 25 C or for 7 days at 10 C followed by the 7-day 
25 C period. An analysis of variance was computed on the 
measurements of root, hypocotyl, and cotyledon infection after 
recording the total emergence and calculating the ERI. 
Another experiment was conducted similar to the one just 
described, excepting that carboxin-thiram and metalaxyl treat­
ments were included. All treatments were incubated for 7 
days at 10 C followed by a 7-day period of 25 C. Each seedlot-
soil combination was replicated 4 times, with 2 replicates 
of each being randomized between each of 2 carts. Daily emer­
gence was recorded during the 25 C period and the ERI calcu­
lated. An analysis of variance was again conducted on mea­
surements of Pythium. Fusarium. and Rhizoctonia colonization 
of the seedlots in the 3 fungal-amended, agar-amended, and 
unamended soil. 
Field Experiment 
In 1982, nontreated and captan-treated undamaged, 19.5, 
and 21% damaged seedlots were planted with a 4-row planter on 
30 April and 1 June into a Webster and a well-drained Clarion 
loam (mesic, typic hapludoll) soils. Both soils were located 
in the same field and each treatment was replicated 4 times 
in a randomized complete block design. Single plots consisted 
of 4 rows, 5 m long and 76 cm apart with 100 seeds per row. 
Daily emergence was recorded from the middle 2 rows of each 
53 
plot and the ERI values calculated as above. Fifteen seed­
lings were randomly extracted 10 and 17 days following plant­
ing from the outer 2 rows of each plot, respectively. Five 
of these were each plated on the selective media and coloniza­
tion measured as described in the laboratory experiments. 
An analysis of variance was conducted for the emergence and 
fungal colonization data by segregating the sums of squares 
associated with planting dates, soils, seeds, and parts. 
For each planting in both soils, soil temperatures were 
monitored at a 10-cm depth with a maximum/minimum thermometer, 
and the days to 100-degree Celsius units calculated using the 
National Weather Bureau system. Soil samples were also taken 
each week at 5 locations within each planting from the upper 
6 cm of soil, and the percentage moisture calculated on a dry-
weight basis after drying the samples for 36 hr at 100 C. 
These measurements of percentage moisture were averaged over 
the days to 100-Celsium degree units for each planting date. 
Weather Records 
Daily temperature records from 1960 to 1966 and 1973 to 
1981 were obtained from a standard weather station approxi­
mately 10 km from the experimental field location (R. H. Shaw, 
Department of Agronomy, Iowa State University, Ames, Iowa, 
unpublished data). These were used to estimate the relative 
frequency of soil conditions, similar to those used in the 
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laboratory experiments described above, occurring in the 
Webster soil in central Iowa. Values calculated were the 
percentage of years in which minimum soil temperatures ranged 
from less than or equal to 10 C, 11-15, 15-19, or equal to 
or more than 20 C at soil moistures of 15-20, 21-28, or 29-
41%, for the periods May 1-14, May 15-31, and June 1-15. Ob­
servations of the minimum temperatures were made at 0700 
hours at a 5.7-cm depth under a bare Webster soil. Since 
measurements of Webster soil moisture near Ames (Shaw et al., 
1972) were recorded in 15-cm profile increments of plant 
available moisture, extrapolations were necessary to estimate 
moisture within the upper 5-6 cm. It was assumed that mois­
ture was linearly distributed within the upper 15 cm and 
that air-dry and satiated soil conditions approximated 15 
and 41%, respectively, on a dry-weight basis. 
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RESULTS 
Colonization of Soybean Seedlings by 
Soil-borne Fungi 
Colonization by Pythium and Fusarium generally was 
greater for seedlings grown from the damaged seeds than from 
the nondamaged seedlot under the laboratory soil conditions 
(Figure 1A,B). Root tissue showed the highest level of in­
fection by both fungi of the seedling parts (data not pre­
sented) . Infection trends across soil conditions were simi­
lar for each plant part. For the seedlings grown from the 
damaged seeds, colonization by Pythium and Fusarium was 
greater at 15 C than at 20 and 25 C, but the relative reduc­
tion in Fusarium colonization at 20 C was not as great as 
that for Pythium. especially under the driest (20%) soil con­
dition. Moisture level had no significant effect on coloniza­
tion of any seedlot by either fungus at any temperature. 
Seedling infection by Rhizoctonia was too low (<3%) to estab­
lish any clear pattern among seedlots or soil conditions. 
Under field conditions, Pythium and Fusarium coloniza­
tion was greater for all untreated seedlots on the first 
planting date, when the soil was cooler and wetter, than on 
the later date for both Webster and Clarion soils (Figure 2A, 
B). Both Pythium and Fusarium colonization tended to be 
greater for seedlings grown from damaged seeds, compared to 
undamaged seeds, on the April 30 planting. Colonization by 
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Figure 1. Pythium sp. (A) and Fusarium sp. (B) seedling in­
fection and emergence rate (C) of different quali 
ty seedlots under varying laboratory soil 
conditions 
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both fungi was much greater in the Clarion soil despite the 
fact that it was a better drained soil. 
Association Between Colonization and 
Field Emergence 
Under laboratory conditions, the emergence rates for all 
3 seedlots at all temperatures was significantly lower in 
20% than in the 28 and 35% soil moisture treatments (Figure 
IC). Emergence rates also were generally higher at 25 and 
20 C than at 15 C at the two higher temperatures, the ERI of 
seedlings grown from the 27% damaged seedlot tended to be 
lower than that for the other two seedlots. The data also 
indicate, in damaged seedlots, a clear-cut relationship 
between decreased emergence and increased colonization of 
seedlings by both fungi (Figure l). This was substantiated 
by correlation coefficients between the emergence rate and 
infection by Pythium. Fusarium. and by both fungi (Table 5), 
Significant correlation coefficients were not found for un­
damaged seeds. 
Under field conditions, emergence was significantly lower 
for all seedlots after planting in the poorly drained soil on 
April 30 than on June 1 (Figure 2). This effect was not seen 
in the well-drained Clarion soil, where emergence, in general, 
was much lower. As in the laboratory experiment, the emer­
gence rate for untreated, damaged seeds was significantly 
correlated with Pythium and Fusarium colonization of seedlings 
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Table 5. Correlations of emergence rate and fungal infection 
of soybean seedlings grown from different quality 
seedlots. under laboratory and field soil conditions 
Correlation coefficients between 
.. seedling infection and emergence 
rate index 
Laboratory^ Field^ 
Soil-borne 
fungus 
Seed 
damage 
(%) 
Untreated 
seeds 
Untreated 
seeds 
Captan-
treated 
seeds 
All fungi 4.0 
19.5 
27.0 
-0.42 
-0.65*** 
-0.75*** 
-0.73 
-0.82* 
-0.88** 
-0.78 
-0.56 
-0.88** 
Pythium 4.0 
19.5 
27.0 
-0. 39 
-0.48** 
-0.52** 
-0.75 
-0.87* 
-0.88** 
-0.71 
-0.72 
-0.81* 
Fusarium 4.0 
19.5 
27.0 
-0.47 
—0.66*** 
-0.81*** 
-0.48 
-0.76 
-0.89** 
-0.77 
-0.75 
-0.80* 
^Regressed over 35, 28, and 20% soil moistures within 
25, 20, and 15 C temperatures (36 observations/linear model). 
^Linear regression models computed for the poorly 
drained soil type 17 days after planting on both dates (8 
observations/model). 
*,**,***Significant at the 0.05, 0.01, and 0.001 levels, 
respectively. 
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Figure 2, Pythium sp. (A) and Fusarium sp. (B) seedling in 
fection and emergence (C) of different quality 
seedlots 17 days after planting near Ames, Iowa 
in 1982 
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in the Webster soil (Table 5). This relationship could not 
be detected, however, in the Clarion soil. 
Pathogenicity of Pythium and Fusarium 
Pythium colonization of seedlings grown from untreated, 
undamaged and damaged seedlots was significantly greater in 
soil amended with Pythium than in the unamended soil, under 
cold conditions (Figures 3A, 4A). This effect was not seen 
in the warm soil (Figure 3A). Fusarium colonization of 
seedlings grown from the untreated seedlots, under the cold 
condition, was significantly greater in soil amended with 
Fusarium than in unamended soil (Figures 3B, 4B); and again, 
these effects were not observed in the warm soils (Figure 3B). 
For both fungi in the cold soils, colonization tended to be 
greater on seedlings grown from the damaged than undamaged 
seeds. Rhizoctonia was never isolated from more than 2% of 
the seedlings in any treatment. Pythium and Fusarium infec­
tion often was significantly greater in the Rhizoctonia-
amended soils than in unamended soil (Figures 3, 4), Fusarium 
infection usually was not significantly different in soil 
amended with agar alone, compared to unamended soil, but 
Pythium infection was sometimes greater (Figures 3, 4), 
Emergence was significantly lower for untreated seeds in cold 
soil amended with Pythium than in unamended soil. However, 
this was not observed in warm soil. None of the other 
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amendments had any consistent effect on emergence. 
Efficacy of Fungicides 
Captan seed treatment had little effect on Pythium and 
Fusarium colonization of seedlings in Webster soil regard­
less of the planting date or seedlot damage (Figures 2A,B). 
It did cause some reduction in Pythium and Fusarium coloniza­
tion in the Clarion soil for both plantings. Seed treatment 
had no effect on the emergence rate in this experiment. 
Fungicide seed treatment consistently reduced Pythium 
colonization of seedlings in all soil amendment treatments 
for the 19.5% damaged seeds and in Pythium. Fusarium. and 
Rhizoctonia-amended soils for undamaged seeds (Figure 4). 
Fusarium infection was reduced because of treatment in all 
amended soils for the undamaged seeds, but this did not occur 
consistently for the 19.5% damaged seeds. Significantly 
greater emergence occurred after treatment of the seeds with 
19.5% damage in Pythium. Rhizoctonia. and agar-amended soils, 
but not in Fusarium-amended or unamended soil. No improvement 
in emergence occurred for the undamaged seeds in any soil 
treatment. Similar trends to those mentioned above were noted 
with captan-treated seeds under the cold soil conditions in 
the pathogenicity experiment (Figure 3). In the warm soils, 
however, fungicide treatment did not increase emergence or 
reduce colonization of either seedlot in any soil. There 
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was no evidence that any of the three fungicides tested, 
captan, carboxin-thiram, or metalaxyl, were superior to the 
others with respect to control of fungal infection or in 
improving emergence. 
Frequency of Various Soil Temperatures and 
Moisture Conditions Near Ames 
As previously indicated, colonization of seedlings was 
greater and the emergence rate lower in soils held at 15 C 
than at 20 or 25 C under laboratory conditions (Figure 1). 
Records in the Ames area over 16 years indicate that minimum 
soil temperatures of 10 C or less at the 10-cm depth occur 
41% of the time for the period May 1-14, 12.1% for May 15-31, 
and 0.9% for June 1-15 (Table 6). The occurrence of these 
conditions, accompanied by soil moistures of 29-41%, which 
was the range used in the laboratory pathogenicity experi­
ments, was 21.4% for May 1-14, 8.1% for May 15-31, and 0.9% 
for June 1-15. Soil minimum temperatures greater than 15 C 
might be expected to occur about 14% of the time during May 
1-14, but 47% of the time from May 15-31. 
Table 6. Webster silty clay loam minimum soil temperatures and moistures near 
Ames, Iowa from 1960-1966 and 1973-1981 
Year in which soil condition occurred (%) 
Soil 
temperature 
range (C) 
May 1-14 May 15-31 June 1-14 
W* M- D* W M D W M D 
<10 21.4 3.1 16.5 8.1 0.0 0.0 0.9 0.0 0.0 
o
 
in H
 
o
 
H
 24.1 5.8 15.1 25.0 6.6 8.8 12.1 4.1 1.3 
15.6-19.4 6.3 2.3 4.1 21.3 9.7 6.3 33.9 8.0 12.5 
>20 0.0 0.9 0.4 1.8 2.9 5.5 8.9 6.7 11.6 
^Soil moisture on a percentage dry weight basis ranging from wet (W, 29-41%), 
to moist (M, 21-28%), to dry (D, <20%). 
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DISCUSSION 
The association between reduced emergence rates of 
soybean seeds and increased Pythium and Fusarium coloniza­
tion of seedlings observed under both laboratory and field 
conditions in this study was particularly obvious with dam­
aged seeds planted in cold soils. This evidence alone is 
not sufficient to indicate that soil-borne fungi caused re­
duced emergence. Amendment of soil with Pythium did provide 
evidence of pathogenicity, since colonization was increased 
and the emergence rate reduced under cold soil conditions. 
Also, fungicide seed treatment both reduced colonization and 
increased the emergence rate. Although seedling coloniza­
tion by Fusarium was higher in Fusarium-amended soils, the 
seedling emergence rate was not lower nor was seed treatment 
effective. This does not provide strong evidence for 
Fusarium pathogenicity. 
The supposition that Pythium spp. generally causes 
seedling establishment problems in soybeans under cold, wet 
soil conditions is not well documented. Lehman and Wolf 
(1926) reported that P. debaryanum infection of soybeans in 
North Carolina seemed to occur during rainy periods in July, 
and Griffin (196 3) showed that Pythium spp. extensively 
colonized buried hair bundles under waterlogged, laboratory 
soil conditions. Hildebrand and Koch (1952) demonstrated 
that soybean seedling infection was more prevalent under 
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cool conditions. In the present study, seedling coloniza­
tion clearly was greater at lower temperatures, but soil 
moisture seemed to have little influence on seedling 
colonization. The fact that colonization was greater for 
damaged seeds was in agreement with the findings of Schlub 
and Schmitthenner (1978), who found that scarification of 
soybean seeds resulted in poorer performance in soils in­
fested with Pythium ultimum. Soybean seed rot and damping-
off by Fusarium spp. also has been reported under cool, wet 
soil conditions, but the data of Schlub et al. (1981) show 
that this fungus can be pathogenic under dryer conditions. 
In this study, extensive seedling colonization by Fusarium 
was found across the range of soil conditions described by 
the authors. The lack of an effect of Fusarium on emergence 
in cold, wet soils, however, may have been due to soil con­
ditions. In the study by Schlub et al. (198l), pathogenicity 
was well expressed in dry soils. 
The low incidence of R. solani measured in this study 
cannot be explained, other than to suggest that this fungus 
did not grow well in the soils tested or the conditions ex­
amined. The wet soils often used in these studies may have 
lessened the potential for growth, since R. solani usually 
shows a low level of saprophytic growth in wet soils 
(Papavizas and Davey, 1961). French and Kennedy (1963) have 
shown that R. solani and F. oxysporum often are found to­
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gether in diseased soybean tissue. The increased level of 
seedling colonization of the seedlings grown from damaged 
seeds by Fusarium in the Rhizoctonia-amended soil (Figure 3) 
would support this contention. 
There is no question that Pythium and Fusarium may be 
pathogenic to soybean seedlings. If they were, however, 
the major cause of reduced emergence under cold conditions, 
then fungicide treatment might be expected to consistently 
improve emergence. This did not occur in the Clarion or 
Webster soils in this study, or under field conditions tested 
in 1980 and 1981 (Wall et al., 1983). Other stress factors, 
including cold soils (Obendorf and Hobbs, 1970) and/or 
mechanically damaged seeds (Green et al., 1966), reduce the 
physiological capacity of the seedling to emerge, thus 
creating conditions, both in the soil environment and by the 
slow growth rate of seedlings, that favor pathogenicity of 
soil-borne fungi. Some response to fungicide seed treatment 
might then be expected, because the soil-borne fungi may 
act as additional stress factors. 
Previous recommendations (Shortt et al,, 1981) have 
suggested that fungicide seed treatments be used when cold, 
wet emergence conditions may occur or when the seed quality 
is low. This study more precisely defines both the seed 
quality and soil conditions where treatment would be more 
efficacious. Because no consistent relationship between 
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reduced emergence and seedling colonization of high quality 
seeds was found, it is unlikely that seed treatment would be 
effective, regardless of the soil temperature. Seeds with 
low quality for reasons other than disease, however, may 
benefit from fungicide treatment if planted in cold soils. 
The question arises, however, as to just how cold the soils 
need to be for treatment to be beneficial. Reduced Pythium 
seedling colonization and increased emergence due to fungi­
cide treatment was noted in soil amended with Pythium at 
10 C (Figure 4). In a stress test designed to simulate cold 
(10 C), wet field conditions in the laboratory, fungicide 
seed treatment often increased emergence of mechanically 
damaged seeds (Wall et al., 1983). Even though the Webster 
soil on the early planting (Figure 2) had an average minimum 
soil temperature of 11.4 C during emergence, no benefits due 
to fungicide seed treatment were observed. Since the proba­
bility of getting 10 C minimum soil temperatures during the 
normal soybean planting time of May 15-31 in Iowa is only 
12.1% (Table 6), it is unlikely that treatment will often 
be of benefit on seeds of reduced quality for reasons other 
than disease. 
Previous recommendations suggest that cold, wet soils 
are favorable for growth of soil-borne fungi. This may be 
true for Pythium. but not necessarily for Fusarium. The 
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data from these studies would suggest that possibly the 
term "wet" should be dropped from the recommendations, since 
moisture may actually improve emergence under cool (15 C) 
soil conditions. 
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SUMMARY AND CONCLUSIONS 
Generalized recommendations for fungicide treatments 
for all soybean seedlots or planting situations would be in­
appropriate based on the data collected in this study. How­
ever, specific recommendations can be made. Fungicide treat­
ment of soybean seeds will increase field emergence when 
applied to seedlots having a minimum of 15% Phomopsis spp. 
infection over the range of soil conditions encountered 
during normal planting times in Iowa (Table 7). These in­
creases in field emergence will generally average 10 to 20%, 
depending upon the actual amount of infection as determined 
in the soybean seed health blotter test (McGee et al., 1980). 
Emergence increases greater than 25% rarely occur, even in 
seedlots with high Phomopsis spp. infection (50%), Seed pro­
ducers are not likely to market such highly diseased seed-
lots, although this information may be useful should the 
incidence of Phomopsis spp. dramatically increase in the 
upper Midwest because of a poor seed production year. In­
creasing soybean stands by 20 to 25% will rarely increase 
yields. 
Fungicide seed treatment will usually be ineffective 
under most soil conditions when applied to high-quality and 
small-sized seeds having warm germination percentages of 90% 
or higher (Table 7). However, in seedlots with either 10 
to 30% mechanical damage or reduced vigor due to age, the 
Table 7. Recommended use of soybean fungicide seed treatments on different 
quality seedlots under varying soil conditions 
Planting date in Iowa 
Seedlot 
characteristic 
<15 May >20 May 
Quality parameter Cold^ Cool^ Warm^ Cold Cool Warm 
High quality 90% warm germination No"^ No No No No 
Small size 90% warm germination I No No No No No 
Mechanical injury 10-30% damage Yes^ I No I No No 
Aged Two years old Yes I No I No No 
Phomopsis spp. >15% infection Yes Yes Yes Yes Yes Yes 
^Emergence under cold (<10 C), cool (11-14 C), and warm (>15 C) minimum 
soil temperatures, 
^Benefits due to treatment inconsistent (I). 
^Treatment not recommended (No). 
treatment recommended (Yes). 
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potential for increases in field emergence because of fungi­
cide treatment is higher, especially in cold (10 C) soils 
where Pythium spp. seedling infection may occur. For these 
seeds, the emergence rate, as primarily influenced by the 
soil temperature, determines the level of seedling infection. 
Inconsistencies in fungicide efficacy may occur under warmer 
(11-14 C) soil conditions. 
A comprehensive Iowa survey needs to be conducted focus­
ing on the extent and nature of naturally occurring soybean 
seedling damping-off. By compiling "case histories" in fields 
where damping-off was a problem, the role of different soil 
types and cultural practices could be examined. If damping-
off control measures were noted, the economic impact of fungi­
cide seed treatment could then be evaluated. A time course 
study of seedling elongation and infection under conditions 
not conducive to emergence would also be useful. This might 
specify the length of time preceding emergence that seedling 
tissues could persist in the soil before being colonized by 
soil-borne fungi. 
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APPENDIX A, THE EFFECTS OF SOYBEAN FUNGICIDE SEED TREATMENT 
ON DIFFERENT QUALITY SEEDLOTS AS MEDIATED BY 
PLANTING DEPTH AND CULTIVAR 
It has been suggested in the popular press that fungi­
cide seed treatment may be beneficial when soybeans are 
planted much deeper than normal. These studies were initiated 
to examine this hypothesis, and to explore the confounding 
influence of reduced seed quality. Soybean cultivars differ 
significantly in their inherent capacity for hypocotyl elonga­
tion, as evidenced by the 'Corsoy' and 'Amsoy 71' emergence 
scores of 1 and 5, respectively (Mason et al., 1981). Corsoy 
seeds exhibit 90% or higher emergence when planted at depths 
of 11 cm in moist, warm (25 C) sand, while Amsoy 71 emerges 
at 59% or less after the same 14-day incubation. 
Materials and Methods 
Seedlots of the soybean cultivars Corsoy and Amsoy 71, 
which had been stored for 18 mo at 50% relative humidity and 
10 C, were either dropped 6 m onto a steel plate or left un­
damaged. All 4 seedlots were tested for the amount of damage 
and Phomopsis spp. infection, and then treated with captan, 
carboxin-thiram (as previously described in Part I), or left 
untreated. Seeds were then planted in Nicollet loam soil, 
obtained from the field test location, at depths of 1.9 or 
4.5 cm in large glass-fiber trays (48 x 33 x 8 cm) in the 
laboratory. The soil in each tray was wetted to 70% moisture 
90 
holding capacity, placed in modified, sealed foodcarts, and 
incubated for 7 days at 10 C, followed by a grow-out period 
for 7 days at 25 C. Emergence and the percentage of stellar 
lesions were then recorded. 
The 1981 split-plot field experiment was machine-planted 
on 5 May and 22 May near Ames, Iowa into the Nicollet soil, 
with plots consisting of 4 rows, 5 m long and 75 cm apart 
with 100 seeds per row. Seedlots, which included a metalaxyl 
treatment, were planted either at 5 or 10 cm depths. Soil 
moisture and temperature conditions for both plantings closely 
paralleled those measured on a nearby Webster soil (Part I, 
Table 3). Emergence was recorded for all 4 rows of each plot 
when seedling growth reached the VI stage. 
Results and Discussion 
Dropping increased damage in the Corsoy and Amsoy 71 
seedlots from 5 and 9.3% to 16.7 and 25.3%, respectively. 
The damage also reduced the corresponding warm germination 
percentages from 97.5 and 97.8 to 86.8 and 84.4%, respec­
tively. All seedlots exhibited less than 3% Phomopsis spp. 
infection. 
Analysis of the laboratory data (Table Al) suggests that 
the incidence of stellar lesions was associated with the 
fungicide-treated Amsoy 71 seeds. This pattern, however, was 
not related to planting depth, nor were there large differ-
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Table Al. Seed treatment effects on emergence and the inci­
dence of stellar lesions in seedlots varying in 
quality planted at two depths under cold, wet 
laboratory soil conditions 
F values 
Stellar 
Source of variation d.f. Emergence lesions 
Treatment 23 30. 1** 26. 5** 
Seed (S) (1) 14.0** 445.4** 
Mechanical damage (MD) (1) 52.5** 0.6 
S*MD (1) 2.7 0.8 
Planting depth (PD) (1) 3.3 1.4 
S*PD (1) 0.5 1.7 
MD*PD (1) 0.1 3.7 
S*MD*PD (1) 0.3 2.0 
Fungicide (F) (2) 334.8** 62.5* 
S*F (2) 0.6 31.2** 
MD*F (2) 3.2 1.3 
PD*F (2) 4.0* 1.5 
S*MD*F (2) 1.5 1.2 
S*PD*F (2) 0.6 2.4 
MD*PD*F (2) 0.5 1.9 
S*MD*PD*F (2) 0.6 0.6 
Block 2 2, 3 0. 5 
Residual 46 26. 7^ 14. 4^ 
^Error mean squares values. 
*P < .05. 
**P < .01. 
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ences between fungicides (Table A2). Stellar lesion percent­
ages measured on Corsoy seedlings did not differ, regardless 
of the damage status, planting depth, or fungicide treatment. 
Although emergence did not vary between planting depths for 
the untreated, damaged or undamaged seeds of both cultivars 
(Table A2), fungicide treatment increased emergence when com­
pared to the corresponding untreated seeds. 
In both field plantings, soil conditions were dry and 
warm, which could explain the lack of differences between 
planting depths (Table A3). Emergence was often higher for 
both cultivars at the 10-cm depth, presumably due to in­
creased moisture available for germination and seedling 
growth. Fungicides rarely improved emergence, regardless of 
the planting depth, cultivar, or seed damage status; however, 
comparisons were difficult because of the high plot varia­
bility (Table A4). In addition, no stellar lesion pattern 
could be identified for the fungicide-treated Amsoy 71 seeds 
(data not presented). 
Table A2, Emergence and incidence of stellar lesions of different quality 
fungicide treated and untreated seedlots planted under cold, wet 
laboratory soil conditions 
Seed treatment 
Cultivar (%) (cm) Em^ SL° Em SL Em SL 
Corsoy 5.0 1.9 
4.5 
86.3 
83.3 
7.3 
9.0 
83.3 
87.7 
5.7 
5.7 
55.0 
47.3 
4.7 
4.7 
16.7 1.9 
4.5 
83.0 
73.3 
8.3 
7.0 
70.0 
73.0 
6.0 
7.3 
42.0 
36.7 
4.3 
3.3 
Amsoy 71 9.3 1.9 
4.5 
80.7 
78.3 
34.0 
36.0 
79.3 
78.3 
28. 3 
24.7 
44.3 
42.7 
9.3 
13.3 
25.3 1.9 
4.5 
74.7 
71.7 
38.7 
27.0 
64.3 
68.7 
31.3 
26.0 
44.0 
39.3 
15.0 
16.3 
^Emergence (%) LSD (.05) = 8.5. 
^Stellar lesion (%) LSD (.05) = 6.2. 
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Table A3. The effects of fungicide seed treatment on field 
emergence of different quality seedlots planted 
at different times and depths 
Source of 
variation 
F values 
d. f. May 5^ May 22^ 
Model 35 4.5** 2.1** 
Depth (D) ( 1) 0.4 0.1 
Block ( 2) 0.7 0.1 
D*block ( 2) 4152^ 4443^ 
Treatment (T) (15) 1.9* 2.1* 
T*D (15) 1.5 1.3 
Residual 60 140^ 445C 
^Planting dates. 
^Error mean square values associated with main plot. 
^Error mean square values associated with subplot 
treatments. 
*P < .05. 
**P < .01. 
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Table A4. Fungicide seed treatment effects on field emergence 
of different quality seedlots planted at different 
times and depths 
Planting date 
Mechanical 
damage 
(%) 
April 5 April 22 
Cultivar Fungicide <5- >10^ <5 >10 
Corsoy 5.0 Captan 
Vitavax 
Apron 
None 
60.0 
46.1 
76.6 
67.8 
61.3 
70.5 
75.9 
73.9 
81.4 
50.4 
57.2 
66. 3 
78.8 
74.2 
72.0 
74.7 
16.7 Captan 
Vitavax 
Apron 
None 
46.5 
52.1 
69.2 
47.4 
54.8 
61.2 
60.9 
56.9 
21.0 
25.1 
57.3 
43.8 
62.2 
39.8 
43.3 
65.4 
Amsoy 71 9.3 Captan 
Vitavax 
Apron 
None 
58.6 
45.8 
53.8 
54.8 
59.8 
73.3 
60.9 
61.6 
51.4 
78.1 
74.0 
80.6 
41.6 
60.8 
40.8 
62.0 
25.3 Captan 
Vitavax 
Apron 
None 
40.1 
67.9 
46.3 
57.4 
64.3 
52.9 
65.8 
62.2 
70.6 
58.3 
70.3 
41.7 
66.7 
64.7 
55.1 
57.2 
LSD 0.05 19.4 34.4 
^Planting depth (cm). LSDs refer to both depths on a 
planting. 
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APPENDIX B. SOYBEAN YIELDS FROM THE 1980 AND 1981 FIELD 
TESTS NEAR AMES, IOWA AND EMERGENCE 
AND YIELDS FROM THE 1981 TEST 
NEAR OLIVIA, MINNESOTA 
Table Bl. Soybean yields of the May 23, 1980 field tests near Ames, Iowa 
Cultivar 
Seed characteristic 
Subsequent 
Original seed treatment 
Soil type 
Well-drained Poorly drained 
NT V NT V 
Williams Good quality None 
16.5% damage 
2772 
2668 
2623 
2728 
2502 
2727 
1325 
2238 
2019 
1939 
1519 
1976 
Two years old None 
11% damage 
2616 
2568 
2459 
2737 
2470 
2658 
2334 
2351 
1982 
1723 
1799 
2439 
22% Phomopsis None 2615 2327 2782 2454 1829 1865 
Cumberland Good quality None 
17% damage 
2797 
2800 
2970 
2826 
2954 
2746 
1729 
2152 
2151 
2388 
2556 
1907 
Two years old None 
25% damage 
2436 
2791 
2820 
2921 
_b 2081 
2278 
1769 
2280 
— 
36% Phomopsis None 2770 2541 2731 2566 233 2122 
c.v. C  10.7 29.3 
LSD (P < .05) c 406 859 
Afield in g/5 m of center 2 rows of untreated (NT), captan (C), and carboxin-
thiram (V) treated seeds. 
Data not available because of field space limitations. 
'Coefficient of variation (C.V.) and LSD for all seedlots within a soil type. 
Table B2. Soybean yields of the May 15, 1981 field tests near Ames, Iowa 
Seed characteristic 
Soil 
Cultivar type Original seed 
Subsequent 
treatment 
Seedlot 
NT V 
Wells Well- Good quality None 1560 1443 1387 1510 
drained 15% damage 1597 1868 1789 1600 
Small seeds 1492 1411 1725 1751 
Two years old None 1486 1458 1617 1729 
15% Phomopsis None 1610 1240 1325 1440 
30% Phomopsis None 1508 1581 1810 1473 
50% Phomopsis None 867 1565 1261 769 
C.V. 32. 8 
LSD (P < .05) 690 
Poorly Good quality None 1652 1614 1583 1685 
drained 15% damage 1449 1512 1695 1672 
Small seeds 1756 1647 1564 1592 
Two years old None 1547 1559 1672 1577 
15% Phomopsis None 1587 1732 1497 1398 
30% Phomopsis None 1688 1441 1461 1343 
50% Phomopsis None 1261 1169 1369 1218 
C.V. 17. 8 
LSD (P < .05) 386 
^yield in g/5 m of center 2 rows of untreated (NT), captan (C), carboxin-
thiram (V), and metalaxyl (A) treated seeds, 
^Coefficient of variation (C.V.) and LSD for all seedlots within a soil type. 
Table B3. Soybean emergence and yields of the 1981 field tests near Olivia, 
Minnesota 
Seed characteristic Fungicide seed treatment 
Planting Subsequent Not Carboxin-• Met-
date Parameter Original seed treatment treated Captan thiram alaxyl 
April 27 Emergence Good quality None 81.6 81.9 80.9 85.4 
(% 100 seeds 15% damage 78.4 76.5 77.5 82.1 
C.V.* 
emerged) 30% Phomopsis None 59.5 65.5 67.9 59.1 
4.9 
LSD (P=0. 05)* 5.2 
Yield Good quality None 1860 1991 1915 2009 
(g/15 m of 15% damage 2004 2036 1959 1960 
center rows )30% Phomopsis None 1801 1883 1996 1922 
C.V. 8.4 
LSD (P=0. 05) 238 
May 13 Emergence Good quality None 8518 86.7 88.0 89.3 
15% damage 81.3 82.6 83.9 85.7 
30% Phomopsis None 57.7 69.6 73.6 59.6 
C.V. 4.6 
LSD (P=0. 05) 4.2 
Yield Good quality None 1980 1941 2106 1968 
15% damage 2034 2016 1852 1828 
30% Phomopsis None 1923 1956 1949 1760 
C.V. 6.6 
LSD (P=0. 05) 185 
^Coefficient of variation (C.V.) and LSD for all seedlots within a soil type. 
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APPENDIX C. COLONIZATION OF ROOTS, HYPOCOTYLS, AND 
COTYLEDONS OF SOYBEAN SEEDLINGS FOR THE 
LABORATORY AND FIELD EXPERIMENTS 
CONDUCTED FOR PART II 
Table Cl. Pythium colonization of different seedling parts of different quality 
seedlots under varying laboratory soil conditions 
Soil Seedlot mechanical damage (%) 
^ —  — 2 2 ^  
(C) (% DWB) R H C R H 
25 35 17.5 5.0 0.0 5.0 0.0 0.0 5.0 2.5 2.5 
28 7.5 5.0 0.0 5.0 2.5 0.0 2.5 0.0 2.0 
20 0.0 0.0 2.5 5.0 0.0 2.5 5.0 2.5 5.0 
20 35 7.5 2.5 2.5 5.0 2.5 0,0 0.0 0.0 5.0 
28 0.0 0.0 0.0 5.0 7.5 7.5 2.5 2.5 2.5 
20 2.8 2.5 0.0 2.5 0.0 2.5 2.5 0.0 7.5 
15 35 2.5 0.0 2.5 15.0 2.5 15.0 10.0 0.0 7.5 
28 2.5 0.0 5.0 20.0 10.0 2.5 10.0 2.5 2.5 
20 2.5 0.0 2.5 12.5 10.0 7.5 10.0 0.0 5.0 
^Percentage of colonization of roots (R), hypocotyls (H), and cotyledons (C). 
Standard error of colonization mean equals 1.6 (N=4). 
Table C2. Fusarium colonization of different seedling parts of different quality 
seedlots under varying laboratory soil conditions 
Seedlot mechanical damage (%) 
19.5 27.0 
R H C R H C 
25 35 15.5 0.0 0.0 0.0 2.5 5.0 5.0 5.0 0.0 
28 15.0 12.5 0.0 7.5 7.5 5.0 7.5 5.0 0.0 
20 8.3 8.3 5.5 7.5 0.0 0.0 15.0 5.0 5.0 
20 35 17.5 7.5 5.0 12.5 0.0 0.0 5.0 7.5 2.5 
28 10.0 2.5 0.0 15.0 17.5 5.0 5.0 2.5 2.5 
20 13.1 5.0 7.8 12.5 5.0 17.5 12.5 2.5 10.0 
15 35 7.5 2.5 0.0 25.0 10.0 7.5 10.0 2.5 5.0 
28 10.3 2.5 0.0 20.0 20.0 5.0 17.5 0.0 7.5 
20 10.3 2.5 0.0 10.0 12.5 17.5 20.0 5.0 5.0 
Soil 
tempera- Soil 
ture moi sture 
(C) (% EWB) 
^Percentage of colonization of roots (R), hypocotyls (H), and cotyledons (C). 
Standard error of a colonization mean equals 2.0 (N=4). 
Table C3. Pythium colonization of different seedling parts of different quality 
seedlots either treated or not treated with captan under varying 
field conditions^ 
Seed mechanical damage (%) 
Planting 
date 
Soil 
type 
Seedling 
part 
infected 
4. 0 19. 5 27. 0 
Captan None Captan None Captan None 
April 30 Clarion Root 35.0 40.0 50.0 52.0 40.0 70.0 
Hypocotyl 5.0 20.0 20.0 40.0 10.0 35.0 
Cotyledon 0.0 15.0 15.0 35.0 5.0 15.0 
Webster Root 25.0 15.0 25.0 25.0 40.0 40.0 
Hypocotyl 5.0 0.0 10.0 0.0 10.0 10.0 
Cotyledon 0.0 0.0 5.0 0.0 0.0 15.0 
June 1 Clarion Root 0.0 10.0 0.0 5.0 0.0 15.0 
Hypocotyl 0.0 10.0 0.0 10.0 0.0 5.0 
Cotyledon 0.0 10.0 0.0 15.0 0.0 0.0 
Webster Root 5.0 5.0 10.0 5.0 0.0 5.0 
Hypocotyl 5.0 5.0 10.0 0.0 0.0 0.0 
Cotyledon 5.0 5.0 5.0 0.0 0.0 0.0 
^Percentage of seedling colonization 17 days after planting. 
^Standard error of a colonization mean equals 4.8 (N=4). 
Table C4. Fusariiim colonization of different seedling parts of different quality 
seedlots either treated or not treated with captan under varying 
field conditions^ 
Seed mechanical damage (%) 
Planting 
date 
Soil 
type 
Seedling 
part 
infected 
4.0 19.5 27. 0 
Captan None Captan None Captan None 
April 30 Clarion Root 50.0 50.0 65.0 75.0 85.0 75.0 
Hypocotyl 10.0 35.0 45.0 65.0 35.0 65.0 
Cotyledon 15.0 10.0 30.0 30.0 10.0 40.0 
Webster Root 35.0 35.0 40.0 55.0 35.0 60.0 
Hypocotyl 20.0 20.0 15.0 15.0 40.0 30.0 
Cotyledon 15.0 25.0 5.0 15.0 5.0 10.0 
June 1 Clarion Root 45.0 45.0 35.0 35.0 40.0 45.0 
Hypocotyl 40.0 25.0 5.0 40.0 15.0 50.0 
Cotyledon 0.0 0.0 0.0 10.0 0.0 0.0 
Webster Root 20.0 5.0 15.0 10.0 15.0 20.0 
Hypocotyl 10.0 0.0 5.0 0.0 15.0 0.0 
Cotyledon 5.0 5.0 5.0 5.0 5.0 0.0 
^Percentage of seedling infection 17 days after planting. 
^Standard error of a treatment mean equals 7.6 (N=4). 
Table C5. Root, hypocotyl, and cotyledon colonization by 
Pvthium and Fusarium of nondamaged and damaged 
seeds in fungal-amended soils under warm and 
cold conditions 
Soil 
condi­
tion^ Fungi 
Soil 
amendment R 
4.0 
Captan 
Warm Pvthium 
Fusarium 
Cold Pvthium 
Fusarium 
Pvthium 0.0 0.0 0.0 
Fusarium 0.0 0.0 0.0 
Rhizoctonia 0.0 0.0 6.7 
Agar 0.0 0.0 0.0 
None 0.0 0.0 0.0 
Pvthium 6.7 0.0 0.0 
Fusarium 0.0 0.0 0.0 
Rhizoctonia 6.7 0.0 13.3 
Agar 13.3 0.0 6.7 
None 0.0 0.0 6.7 
Pvthium 6.7 0.0 0.0 
Fusarium 0.0 0.0 0.0 
Rhizoctonia 0.0 0.0 0.0 
Agar 13.3 0.0 0.0 
None 0.0 0.0 6.7 
Pvthium 0.0 0.0 0.0 
Fusarium 6.7 0.0 0.0 
Rhizoctonia 6.7 0.0 6.7 
Agar 6.7 0.0 6.7 
None 0.0 0.0 0.0 
^arm (7 days at 25 C) or cold (7 days at 10 C/7 days 
at 25 C) soil incubation conditions. 
^Percentage of colonization of roots (R), hypocotyls 
(H), and cotyledons (C), 
^Standard error of a colonization mean equals 4.9. 
^Standard error of a colonization mean equals 6,0. 
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Seedlot mechanical damage (%) 
4.0 19.5 
None Captan None 
R H C R H c R H C 
6.7 6.7 6.7 6.7 0.0 0.0 13.3 0.0 6.7 
13.3 0.0 0.0 0.0 0.0 6.7 6.7 0.0 6.7 
0.0 0.0 6.7 6.7 0.0 6.7 6.7 6.7 13.3 
0.0 0.0 6.7 0.0 0.0 0.0 13.3 0.0 6.7 
6.7 0.0 6.7 0.0 0.0 0.0 6.7 0.0 6.7 
20.0 0.0 13.3 6.7 0.0 0.0 13.3 0.0 13. 3 
20.0 6.7 6.7 6.7 0.0 0.0 33.3 0.0 0.0 
0.0 0.0 33. 3 0.0 0.0 6.7 13.3 6.7 20.0 
20.0 0.0 0.0 13.3 0.0 0.0 20.0 6.7 6.7 
13.3 0.0 6.7 13.3 0.0 0.0 13.3 0.0 13.3 
26.7 6.7 20.0 0.0 0.0 0.0 53.3 0.0 33.3 
20.0 6.7 26.7 13.3 0.0 0.0 20.0 0.0 6.7 
20.0 0.0 20.0 13.3 0.0 0.0 6.7 0.0 20.0 
26.7 0.0 20.0 0.0 0.0 0.0 20.0 6.7 20.0 
13.3 0.0 0.0 6.7 0.0 0.0 26.7 6.7 13.3 
20.0 0.0 26.7 6.7 0.0 0.0 26.7 6.7 26.7 
6.7 6.7 33.3 26.7 0.0 0.0 33.3 0.0 33.3 
13. 3 0.0 33.3 6.7 0.0 13.3 60.0 0.0 33.3 
20.0 6.7 13.3 0.0 0.0 0.0 20.0 0.0 13.3 
26.7 0.0 6.7 6.7 0.0 0.0 13. 3 6.7 26.7 
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APPENDIX D. ANALYSIS OF VARIANCE OF THE FIELD AND 
LABORATORY EXPERIMENTS CONDUCTED FOR 
PART II 
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Table Dl. Analysis of variance of the laboratory experiment 
measuring soybean seedling infection and emergence 
of different quality seedlots incubated under 9 
different soil conditions^ 
Source of 
variation d.f. 
F values 
Seedling infection (%) 
ERI Total Pythium Fusarium 
iel 29 47.6*** 6.5*** 4. 2*** 5. 8*** 
Seed (S) (2) 14.5*** 13.4*** 9. 5*** 11. 3*** 
Temp (T) (2) 276.6*** 22.7*** 20. 4*** 16. 2*** 
Moisture (M) (2) 361.1*** 5.2** 4. 1** 10. 7*** 
S*T (4) 4.4** 18.4*** 10. 4*** 13. 1*** 
S*M (4) 8.5*** 3.9** 3. 1** 4. 2** 
T*M (4) 12.0*** 1.3 0. 5 2. 2 
S*T*M (8) 2.4* 2.4* 2. 7* 2. 6* 
Block (1) 1.1 0.5 0. 3 0. 2 
Rep (1) 0.9 0.3 0. 4 0. 4 
Rep*block (1) 1.2 0.7 0. 5 0. 8 
îidual 78 0.1^ 2.9b 8. 0^ 11. 9^ 
Corrected total 107 
^Refer to Figure 1, Part II. 
^Mean square values. 
***,**,*Significant at the 0.001, 0.01, and 0.05 levels, 
respectively. 
Table D2. Analysis of variance for the 1982 field experiment^ 
Source of variation 
F values 
Emergence Seedling infection (%) 
d.f. ERI d.f. Pythium Fusarium 
Model 26 11.1*** 95 8.7*** 8.0*** 
PD (1) 80.4*** (1) 171.4*** 93.1*** 
Soil (1) 265.4*** (1) 45.0*** 64.7*** 
Seed (5) 5.4*** (5) 6.2*** 3.1** 
Part (3) 76.5*** 126.1*** 
PD*soil (1) 48.7*** (1) 30.4*** 0.1 
PD*seed (5) 0.1 (5) 5.2*** 2.8* 
PD*part (3) 54.9*** 11.9*** 
Soil*seed (5) 1.4 (51 8.2*** 2.2* 
Soil*part (3) 4.7** 16.0*** 
Seed*part (15) 1.4 1.3 
PD*soil* seed (5) 5.1*** (5) 2.6* 2.2* 
PD*soil*part (3) 1.6 1.6 
PD* seed*part (15) 1.0 1.1 
Soi1* seed*part (15) 1.6 2.1* 
PD*soil*seed*part (15) 0.3 0.9 
Block 3 14.9*** 3 1.9, 2.0 
Residual 69 0.6% 285 94.9^ 231.9 
^Refer to Figure 2, Part II. 
nwean square values. 
***,**,*Significant at the 0.001, 0.01, and 0.05 levels, respectively. 
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Table D3. Analysis of variance of the laboratory experiment 
measuring soybean seedling infection and emergence 
of different quality seedlots either fungicido 
treated or nontreated under cold and warm soil 
conditions^ 
F values 
Seedling 
infection (%) 
Source of variation d.f. ERI Pvthium Fusarium 
Model 41 1.9** 3.0*** 2.9*** 
Test (1) 5.7* 35.4*** 13.2*** 
Soil (4) 4.2** 2.5* 2.6* 
Seed (3) 8.0*** 26.2*** 22.6*** 
Test*soil (4) 1.5 1.2 1.2 
Test*seed (3) 1.3 8.1*** 4.0** 
Soil*seed (12) 0.8 1.3 0.8 
Test*soil*seed (12) 0.6 0.9 0.5 
Rep (2) 0.2 1.9 0.3 
Error 78 0.1^ 73.7b 106.3^ 
Corrected total 119 
^Refer to Figure 3, Part II. 
^Mean square values. 
***,**,*Significant at the 0.001, 0.01, and 0.05 levels, 
respectively. 
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Table D4. Analysis of variance of the laboratory experiment, 
measuring soybean seedling infection and emergence 
of different quality seedlots treated with differ­
ent fungicides under cold, wet soil conditions^ 
Source of 
variation d. f. ERI 
F values 
Seedling 
infection 
Pythium Fusarium 
Model 42 2.2*** 6.1*** 5.8*** 
Soil (4) 10.8*** 15.2*** 6.7*** 
Seed (7) 3.4** 10.2*** 2.7** 
Soil*seed (28) 3.3 H
 
O
 
1.2 
Rep (3) 1.1 1.5 1.6 
Error 117 0.2^ 71.9b 86. 2^ 
Corrected total 159 
^Refer to Figure 4, Part II. 
^ean square values, 
***,**Significant at the 0.01 and 0.01 levels, respec­
tively. 
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APPENDIX E. TOTAL LABORATORY AND FIELD EMERGENCE FOR 
THE EXPERIMENTS CONDUCTED FOR PART II 
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Table El. Total laboratory emergence of nondamaged and 
mechanically damaged seeds under different soil 
temperatures and moistures 
tempSature moisture Seedlot mechanical damage 
(C) {% DWB) 4.0 19.5 27.0 
25 35 28.3 28.8 26.8 
28 26.3 27.8 25.0 
20 11.0 19.3 16.0 
20 35 27.8 27.8 25.3 
28 23.8 25.5 25.6 
20 12.3 10.5 14.3 
15 35 26.5 20.5 20.3 
28 24.8 14.0 16.5 
20 5.5 5.1 6.9 
^Emergence of 30 seeds. LSD(P=0.05) =3.6 (N=4). 
Standard error of an emergence mean = 1.25. 
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Table E2. Total of field emergence in two soil types on two 
planting dates of nondamaged and damaged seedlots 
treated with captan or not treated 
Planting date 
Seedlot 
damage 
(%) 
Fungicide 
seed 
treatment 
April 30 June 1 
Clarion^ Webster^ Clarion Webstej 
4.0 Captan 
None 
34.5 
13.0 
48.0 
56.5 
29.3 
37.0 
82.4 
75.3 
19.5 Captan 
None 
30.5 
18.9 
39.5 
44.4 
37.6 
32.6 
76.1 
65.1 
27.0 Captan 
None 
15.5 
15.6 
35.6 
38.5 
13.3 
18.1 
69.0 
65.1 
LSD (P=0. 05)b 13.6 15.9 16.6 11.1 
c.v.b 42.2 40.9 44.8 10.3 
^Soil type. 
^LSD and coefficient of variation (C.V.) refer to all 
data within a soil type and planting date. 
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Table E3. Total laboratory emergence of nondamaged and 
damaged seedlots in fungal-amended and non-
amended soils under warm and cold conditions^ 
Soil 
condi­
tion^ 
Soil 
Seedlot mechanical damage (%) 
4.0 19.5 
amendment Captan None Captan None 
Pythium 13. 3 12. 3 12. 0 11. J 
Fusarium 15. 0 13. ,7 14. 0 13. ,3 
Rhizoctonia 13. 3 14. J 12. 3 12. ,7 
Agar 14. J 14. ,0 12. ,7 12. ,3 
None 14. 0 14. ,3 14. ,0 12. ,7 
Pythium 14. ,0 12. ,7 13. ,3 11. ,0 
Fusarium 15. 0 13. ,3 13. , 3 11. ,3 
Rhizoctonia 13. ,3 13. ,0 12. 0 10. ,3 
Agar 14. ,7 12. ,3 12. ,0 12. ,7 
None 14. 7 13. ,3 13. ,0 12. ,7 
Warm 
Cold 
Emergence of 15 seeds. LSD (P=0,05) =1.9 (N=3). 
Standard error of an emergence mean = 0.66. 
^Warm (7 days at 25 C) or cold (7 days at 10 C)/7 days 
at 25 C) soil incubation conditions. 
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Table E4. Total laboratory emergence of nondamaged and 
damaged seedlots treated with captan, carboxin-
thiram, metalaxyl, or not treated under cold 
soil conditions* 
Seedlot Fungicide seed treatment 
damage Soil Carboxin-
(%) amendment Captan thiram Metalaxyl None 
4.0 Pythium 8.3 8.0 7.4 7.8 
Fusarium 9.0 8.3 9.0 8.8 
Rhizoctonia 8.5 9.0 7.3 8.0 
Agar 8.5 8.0 8.3 8.5 
None 9.3 9.0 9.3 9.5 
19.5 Pythium 8.0 7.5 7.3 5.3 
Fusarium 7.3 6.8 7.8 7.0 
Rhizoctonia 7.0 8.3 7.3 6.3 
Agar 8.3 7.3 7.3 6.8 
None 8.3 8.8 8.8 7.3 
^Emergence of 10 seeds, LSD (P=0.05) =1.8 (N=4). 
Standard error of an emergence mean = 0.63, 
